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R.D.WOOD GATE VALVES 
COST LESS BECAUSE 
THEY LAST LONGER 


Because they are buried deep 
underground, gate valves are al- 
ways laborious and expensive to 
repair. In addition, interruptions 
to service are hazardous to health 
and safety. R. D. Wood Gate 
Valves are specially designed for 
long use. They are simple and 
rugged in construction. They are 
fully bronze mounted. With the 
ordinary precaution of one annual 
operation, they give generations 
of dependable service. Therefore, 
R. D. Wood Gate Valves cost 
less because they last longer. 


Only three moving parts -the 
spreader and two discs. In open- 
ing, the discs are lifted into the 
bonnet entirely clear of the seats. 
In closing, they are wedged into 
place without distortion. Seasoned 
castings. Rigidly inspected. Work- 
ing pressure up to 175 Ibs. Tested 
to 300 Ibs. Conform to AWWA 
specifications. Supplied with bell, 
flanged or mechanical joint pipe 
connections. 


R.D.WOOD 
COMP ANY Public Ledger Bidg., Independence Square, Philadelphia 5, Pa. 


Manufacturers of Mathews Hydrants and “Sand-Spun” 
Pipe (centrifugally cast in sand molds) 
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according to 
your requirements 


Whether your daily water consump- 
tion demands be 3,000,000 gallons or 
hundreds of times that figure, Lock 
Joint Pipe Company is prepared to 
provide the supply line you need. 

In the last few years the Company 
has supplied not only hundreds of 
miles of large diameter pipe but also 
more than a million feet of 16” to 24” 
pipe for municipalities and industry. 
This has been made possible through 
the establishment of three permanent 
manufacturing plants. Lock Joint 
Concrete Pressure Pipe from 16” to 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P.O. Box 269, East Orange, N. J. 
Pressure Pipe Plants: Wharton, N. J 


42” in diameter, produced at these 
plants, can be shipped economically 
to all parts of the country for major 
installations and minor extensions. 

Our representative will be glad to 
discuss with you any water supply or 
transmission project which calls for 
pressure pipe 16” in diameter or 
larger. You will find that Lock Joint 
Concrete Pressure Pipe’s superior 
characteristics of long life, contin- 
uous high flow and negligible upkeep 
will recommend it above all others 
for any permanent installation. 


Turner, Kan. * Detroit, Mich. * Columbia, S. C. 
eee OFFICES: Casper, Wyo. - Cheyenne, Wyo. + Denver 
. « Kansas City, Mo. + Valley Park, Mo, e Chicago, nm 
frock Island, Ill. Wichita, Kan. + Kenilworth, N. J. Hartford, 
Conn. + Tucumeari, N. Mex. + Oklahoma City, Okla. « Tulsa, Okla. 
SCOPE OF SERVICES—Lock Joint Pipe Company spe- 
cializes in the manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply and Distribu- 
tion Mains in a wide range of diameters ~ sae as Con- 
crete Age! of all types for Sanitary Sewers, Storm Drains, 
Culverts and Subaqueous Lines. 
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so much more money 


COST 
OF REPAIRING METERS 
IN A TYPICAL CIT 


When you remove a meter for repairs only 
once every (five or ten years, you actually 
spend a very small percentage of the total 
cost on repairing. It's fonly logical, then, 
that every care be taken to be sure that the 
meter is properly repaired and tests well 
at low rates of flow. i lg 


The main hing, thoogh, is to buy the 
right meters in the first place — meters that 
will run for years without trouble, keep their 
initial sensitivity and accuracy longest, and 
be easiest to repair — Trident Meters. 


For the care you take in selecting meters 


you will be well repaid by fewer repairs and 
added revenue. Your Trident. representa- 
tive will be glad to tell you more. 


NEPTUNE METER COMPANY a 
50 WEST 50TH STREET - NEW YORK 20, N.Y. 


Branch Offices 
ATLANTA + BOSTON * CHICAGO «+ DALLAS + DENVER * LOS ANGELES Vn 
LOUISVILLE * NORTH KANSAS CITY * PORTLAND, ORE. * SAN FRANCISCO 
NEPTUNE METERS, LTD., LONG BRANCH, ONT., CANADA 
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S:. Louis, Missouri has a cast iron water 
main in service that was installed more than 
100 years ago. That is not surprising as 

St. Louis is one of our oldest cities, founded 
by the French and taken over by the U.S.A. 
with the Louisiana Purchase. Yet this 

old main is still withstanding the traffic shock 
and beam stresses imposed by multi-ton 
trucks and congested underground utility 
services in a great manufacturing city. 

More than thirty other American cities have 
cast iron water and gas mains in service 

that were installed over a century ago— 
indisputable testimony to the strength 

factors of long life inherent in cast iron pipe. 
United States Pipe and Foundry Company, 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U. S. A. 
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Tricky Coagulation Plus Odor Reduction Prob- 
lem Solved By Aqua Nuchar Research Service 


PROBLEM: At a New England city, 
activated carbon was being applied at 
a rate of 10 ppm with little apparent 
improvement in the quality of the 
The chemist in charge pointed 
this the top 


water. 
out that not only was 
limit in feeding capacity, but any 
higher dosage would add unwanted 
costs to the chemical budget. A thresh- 
old odor survey showed that the water 
coming into the plant had a threshold 
number of 40 which remained the same 


after treatment with 10 ppm carbon. 


SOLUTION: Jhe first experiment was 
to determine in the laboratory the 
amount of carbon needed to effect an 
appreciable reduction of the odors in 
the water. Using 1.8 grains alum per 
gallon to approximate typical plant 


flocculation, 20, 40, and 60 ppm Aqua 


‘a 

CHEMICAL SALES 

division west virginia pulp and paper company 


2775 Moreland Bivd. 
At Shaker Square 
Cleveland 20, Ohio 


New York Central Building Pure Oil Bidg. 
230 Park Avenue 
New York 17, N.Y. 


35 E. Wacker Drive Broad & Chestnut Sts. 
Chicago 1, Illinois Philadelphia 7, Pa. 


Nuchar were then added to separate 
samples of this water. It was noted 
that the Aqua Nuchar, instead of dis- 
persing, acted as a nucleus on which 
the floc particles formed, and did not 
When 


no alum was added to the raw water, 


adsorb taste and odor bodies. 


the Aqua Nuchar was quite effective 


for removing the taste and odor. 


The alum dosage was tinally reduced 
from 1.8 to 1.5 grains per gallon and 
still remained effective in coagulating 
and removing the considerable color in 


the raw water. 


This new dosage of alum was tried 
in the plant with 10 ppm Aqua Nuchar. 
Subsequent observations and_ studies 
showed that satisfactory floc formation 


and odor reductions were obtained. 


Lincoin-Liberty Bidg. 
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IN W & T CHLORINATORS, EITHER 


The unseen roots of a beautiful tree give it life 
and strength. So, too, do the unseen features 
back of a W&T Chlorinator—basic research, 
service, and a complete line of equipment—ensure 
dependability and trouble-free operation through- 
out the years. 


Basic research, for example, while not necessarily 
essential to each particular installation, is, 
nevertheless, the life blood of sound equipment. 
WAT research developed the Visible Vacuum 
Principle, residual recording, the Break-Point 
Process and countless other advances in the art 
of chlorination. This same research is constantly 
at work to insure that the W&T equipment you 
buy is up-to-date in every respect and will not 
be outmoded before its time. 


The desire for that assurance may be another 
reason for the ever growing demand for 
WAT Chlorinators. 


WALLACE & TIERNAN 


COMPANY, INC. 
CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
NEWARK 1, NEW JERSEY © RE TEO IN CITIES 
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The Roots Of New Water Treatment S-69a 
Techniques Often Lie In W&T Research 
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Minimum Standards for Design, Construction, 
and Maintenance of a Public Water 
Distribution System 


Michigan Section AWWA 
Committee Statement 


At the 1949 meeting of the Michi- 
gan Section of the American Water 
Works Assn. at Traverse City, Mich., 
tentative standards for the design, con- 
struction, and maintenance of a public 
water distribution system in Michigan 
were presented for the consideration 


of the section. These tentative stand- 
ards were thereupon referred to a Dis- 
tribution System Standards Commit- 
tee for study and recommendations. 
This 1949-50 committee revised and 
enlarged the standards and reported 
them to the 1950 meeting of the section 
in Detroit. The standards were dis- 
cussed on the floor and the recommen- 
dations made were referred to the 
1950-51 committee. This committee 
has given careful and thorough consid- 
eration to the proposed tentative stand- 
ards and has finally approved the 
enlarged and revised “Minimum Stand- 
ards for Design, Construction, and 


Maintenance of a Public Water Dis- 
tribution System.” 

The committee prepared the mini- 
mum standards with the understanding 
that they are for the guidance of ex- 
perienced water works administrators 
capable of using discretion in their 
application. Conditions may be ex- 
pected to arise for which the minimum 
standards prescribe no detailed course 
of action. In such situations the course 
to be followed must be prescribed by 
some competent person of discretion. 
It must be remembered that the stand- 
ards indicate the minimum require- 
ments and not necessarily the recom- 
mended or desirable requirements. 
Therefore, wherever practicable, de- 
signs and methods of construction and 
maintenance which will result in the 
greatest functional efficiency, structural 
security, and sanitary protection of 
public water distribution systems 
should be employed. 
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Minimum Standards for Design, Construction, and Maintenance of 
a Public Water Distribution System 


Sec. 1—General Statement 


1.1. Purposes. These standards set 
forth minimum requirements for safe 
practice in design, construction, and 
maintenance to insure the functional 
efficiency, structural security, and sani- 
tary protection of public water distri- 
bution systems. These standards pre- 
sume the delivery into the distribution 
system of a water supply adequate in 
quantity and acceptable in quality for 
human consumption and other domes- 
tic purposes. These standards are to 
be interpreted as indicating the mini- 
mum requirements and not necessarily 
the recommended or desirable require- 
ments. 

1.2. Definitions. For the purpose 
of these standards, the use of the word 
“shall” indicates a mandatory require- 
ment, and the use of the word “should” 
indicates a recommendation for good 
practice. As used in these standards, 
the distribution system includes the 
complete network of conduits, tanks, 
reservoirs, booster pumping stations, 
valves, hydrants, service lines, and 
other appurtenances used for the trans- 
mission of water from its source to its 
users. As used herein, a water main 
is a pipeline usually situated in public 
streets or alleys or rights-of-way for 
the delivery of water to public and pri- 
vate fire hydrants or to consumers’ 
service lines; a service line is a branch 
line connected to a main for delivery 
of water to an individual consumer’s 
premises. 

1.3. Related Laws and Legislation. 
Act No. 240 of the Public Acts of 1937, 
as amended, provides that it shall be 
unlawful for the state or any of its po- 
litical subdivisions or any county, city, 


town, township, village, or school dis- 
trict to engage in the construction of 
any public work costing more than 
$2,000 unless the plans, specifications, 
and estimates have been prepared by 
and the construction executed under 
the direct supervision of a registered 
professional engineer. Act No. 98 of 
the Public Acts of 1913, as amended, 
requires that each city, village, private 
corporation, partnership, or individual 
operating a water works within the 
state must file with the State Health 
Commissioner plans and specifications 
of the entire system and of any altera- 
tions, additions, or improvements 
thereto; and that, before commencing 
the construction of any water works 
system or alteration, addition or im- 
provement thereto, plans and _ specifi- 
cations of the same must be submitted 
to the State Health Commissioner, and 
a permit for the construction of the 
same must be secured from the State 
Health Commissioner. 

1.4. Standard Specifications. 
Wherever standard specifications for 
materials and methods are referred to 
herein, the specification named, or the 
latest revision thereof, shall apply, if 
consistent with other requirements of 
these standards. 


Sec. 2—Functional Requirements 


2.1. General. The distribution sys- 
tem shall be designed, constructed, and 
maintained so as to promote and in- 
sure the transmission and delivery of 
water from its source to its users with 
an economical loss of head, adequate 
residual pressures, good circulation, 
and minimum loss of water by leakage. 

2.2. Grid System. The distribution 
system, where practicable, should be in 
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grid form—that is, arranged with par- 
allel pipelines interconnected by lateral 
pipelines at frequent intervals, so that 
pressures throughout the system tend 
to become equalized under varying 
rates and locations of drafts of water 
from the system. 

2.3. Sizes of Mains. The pipe sizes 
in the distribution system should be 
such as will maintain an adequate posi- 
tive pressure of water in all parts of 
the system at all times. Under nor- 
mal operating conditions, an adequate 
pressure should be not less than 35 psi; 
during periods of peak demand, a 
minimum adequate pressure should be 
not less than 20 psi. These objectives 
can usually be achieved with a grid 
system of large arterial mains widely 
spaced in parallel, smaller parallel 
mains, and interconnecting mains at 
right angles, supplemented with pres- 
sure-stabilizing elevated storage tanks 
and reservoirs and booster pumping 
stations. As a general rule, the mini- 
mum size main serving a fire hy- 
drant should be not less than 6 in. in 
diameter; smaller than 4-in. mains 
should be installed only for temporary 
service to be later replaced with larger 
mains, or for secondary parallel mains 
not for fire service, in wide or paved 
streets to avoid long or expensive serv- 
ice connections or pavement cuts to the 
principal main, or for short mains, not 
for fire service, in courts or cul-de-sacs. 

2.4. Length of Runs. The lengths of 
run of small mains should be deter- 
mined by the local conditions, but in 
no case should they exceed the limits 
given in Table 1. 

2.5. Storage Tanks and Reservoirs. 
Adequate storage facilities shall be pro- 
vided to maintain reserve supplies at 
adequate pressures at strategic points 
on the distribution system to meet nor- 
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SECTION Jour. AWWA 
mal and peak demands with additional 
reserve for fire protection. 

2.6. Valve Locations. The distribu- 
tion system should be equipped with a 
sufficient number of gate valves so lo- 
cated that no single accident, breakage, 
or repair to the pipe system, exclusive 
of arterial mains, will necessitate the 
shutting from service of a length of pipe 
greater than 500 ft in high-value dis- 
tricts, or greater than 800 ft in other 
sections, and will not result in shutting 
down an artery. Valves should be 


TABLE 1 
Limiting Lengths for Small Mains 


Length—/t 
Pipe Size 
in. 


| No Fire Service Fire Service 


Mains With Dead or Unconnected End 


300 inadequate 
300 | inadequate 
1,300 inadequate 


Mains With Both Ends Connected to 
Larger Main 


600 inadequate 


600 | inadequate 
2,000 | 600 


provided at each end of a stream or 
railroad crossing and on each hydrant 
branch. The locations of valves should 
be uniform with respect to street lines 
insofar as practical. 

2.7. Hydrant Locations. The dis- 
tribution system shall be equipped with 
hydrants so located and spaced as to 
provide fire protection for the whole 
population and area served. The loca- 
tions and spacing in populated com- 
munities should provide a hydrant for 
each partial area, as given in Table 2. 
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If two fire pumpers can be connected to 
two steamer outlets on one hydrant, 
the hydrant may be considered 1} hy- 
drants. Hydrants should be located to 
minimize the hazard of damage by 
traffic. 

2.8. Air Relief, Vacuum Relief, and 
Blowoff Valves. At high points in a 
pipeline not interconnected with a grid 
system or otherwise provided with 
means for air or vacuum relief, valves 
should be provided to release air that 
may accumulate at the high point, or to 
admit air to relieve an excessive vac- 
uum that may develop if the line is 


TABLE 2 
Hydrant Spacing for Populated Communities 


Required Average 
Area Per Hydrant 
sq ft 
120,000 
110,000 
100,000 
90,000 
85,000 
80,000 
60,000 
48,000 
40,000 


Required Fire Flow 
gpm 


12,000 


The point of air intake to a 


drained, 
vacuum relief valve should be near 
the top of the enclosing manhole and 
above any possibility of submergence by 
water in the manhole. At extreme low 
points in pipe systems, such as at 
stream crossings and at dead ends, a 
blowoff valve and drain line should 
be provided for the purpose of draining 
the line. Blowoff lines should dis- 
charge to the ground surface at a point 
above any possibility of flooding. 

2.9. Vaults and Manholes. At each 
functionally important gate valve and 
at all gate valves 16 in. and over in di- 
ameter, and at each air relief, vacuum 
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relief, and blowoff valve, a vault or 
manhole should be provided to facilitate 
the operation and maintenance of such 
equipment. The vault or manhole 
should be large enough to serve its 
purpose and be designed for the traffic 
loads that it may carry. 


Sec. 3—Structural Requirements 


3.1. General. The distribution sys- 
tem shall be designed, constructed, and 
maintained to safeguard the structural 
security of the system both against the 
functional loads imposed in its opera- 
tion and against the external loads and 
the hazards to which it may be sub- 
jected. 

3.2. Pipe. Pipe used in the con- 
struction of water distribution systems 
should be made of cast iron, asbestos 
cement, reinforced concrete, or steel. 

3.2.1. Cast-iron pipe, bell-and-spigot, 
3 to 24 in. in diameter, should fulfill the 
requirements of Federal Specifications 
WW-P-421 or American Standard 
specifications ASA A21.2 of class suited 
to the loading condition involved. 

3.2.2. Cast-iron pipe, bolted joint, 2 
to 24 in. in diameter, should fulfill the 
requirements of Federal Specifications 
WW-P-423. 

3.2.3. Cast-iron pipe, 24 in. and 
larger in diameter should be designed 
specifically for conditions under which 
it is to be used. 

3.2.4. Cement lining for cast-iron 
pipe should fulfill the requirements of 
American Standard specifications ASA 
A21.4. 

3.2.5. Asbestos-cement pipe should 
fulfill the requirements of Federal 
Specifications SS-P-351, of class suited 
to loading. 

3.2.6. Reinforced concrete pipe 
should fulfill the requirements of speci- 
fications AWWA (C300 for steel cylin- 
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der type, not prestressed, and AWWA 
C301 for steel cylinder type, pre- 
stressed. 

3.2.7. Steel pipe should fulfill the 
requirements of specifications AWWA 
C201 for electric fusion welded pipe, 
30 in. and over in size, and AWWA 
C202 for sizes up to but not including 
30 in. Coal-tar enamel protective 
coatings for steel pipe shall conform 
with AWWA C202 for pipe 30 in. and 
over in size, and AWWA C203 for 
pipe smaller than 30 in. 

3.2.8 Service pipe used in the con- 
struction of service lines connected 
with water distribution systems should 
be made of cast iron, asbestos cement, 
copper, brass, lead, wrought iron, or 
steel. Cast-iron, copper, brass, lead, 
wrought-iron, and steel pipe should 
fulfill the requirements contained in 
“Collected Standard Specifications for 
Service Line Materials,” an unofficial 
report of American Water Works 
Assn. Subcommittee 7S, published 
with specifications AWWA _ C800 for 
threads for underground service line 
fittings. 

3.3. Appurtenances. Joint materi- 
als, valves, and fire hydrants should 
be of types and qualities suited to the 
general standards of the system in 
which they are installed. 

3.3.1. Joint Materials. Packing ma- 
terials used in the joints of bell-and- 
spigot pipe joints shall be of a type that 
will not harbor or promote the growth 
of bacteria, and shall be free of oil, tar, 
or greasy substances. Molded rubber 
rings, round or wedge type rubber 
packing, treated paper packing, and 
asbestos packing, are generally satis- 
factory. Jute or oakum should not be 
used. Jointing compound used in seal- 
ing bell-and-spigot pipe joints should 
be of a type that will promote a water- 
tight seal, while at the same time per- 
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mitting a slight flexure in the pipeline 
at the joint, especially under conditions 
where vibration or settlement may oc- 
cur. Pig lead poured while melted and 
calked after cooling, and various pre- 
pared mineral compounds poured while 
melted but not requiring calking are 
commonly used. Joint materials for 
other than bell-and-spigot pipe includ- 
ing mechanical joints with rubber gas- 
kets, should be of the type provided by 
the manufacturer of the pipe and suited 
to the conditions of installation. 

3.3.2. Valves used in the construc- 
tion of water distribution systems 
should fulfill the requirements of speci- 
fications AWWA _ C500. 

3.3.3. Fire hydrants used in the con- 
struction of water distribution systems 
should fulfill the requirements of speci- 
fications AWWA C502. 

3.3.4. Supports. Pipe should be uni- 
formly supported throughout its length 
on a prepared sand or soil base with 
special care to avoid concentrated bear- 
ing upon rocks or boulders. Thrust 
blocks of concrete extended to undis- 
turbed soil should be provided at all 
plugged ends of crosses, tees, and dead- 
ends, at the back of hydrants, and on 
the outside wall of elbows to resist the 
tendency of water pressure to cause 
slippage in the joints of plugs, hy- 
drants, and fittings. 

3.4. Location of Mains. Insofar as 
practicable, mains in public streets 
should be laid in a uniform position in 
the street—that is, on the centerline or 
a uniform distance to one side of the 
centerline. This practice will estab- 
lish a more or less reserved position 
for this utility, and will facilitate find- 
ing valves and other appurtenances at 
the street surface. 

3.5. Depth of Mains. All water 
mains should be laid at sufficient depths 
to protect the mains against any ex- 
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ternal static or dynamic loads that may 
come upon them, and against freezing 
of water within the mains. In northern 
latitudes, these requirements will gen- 
erally be fulfilled by laying mains with 
a cover over the top of the pipe of not 
less than 5 ft. 

3.6. Stream Crossings. Mains to be 
laid across streams should preferably 
be placed beneath the stream. Under 
such conditions the main should be 
placed far enough below the bottom 
of the stream bed to protect the main 
against freezing and against disturb- 
ance by currents, ice, floating objects, 
anchors, dredging, or other forces. 
Where mains are placed above the 
stream, the crossing should be made 
upon bridges, dams, or other elevated 
structures so that the pipe will not be 
subject to immersion at any time. 
Joints in mains at stream crossings 
should be of a type that will provide a 
reasonable degree of flexibility while 
Valves should 


remaining watertight. 
be provided at each end of crossings 
so that the section can be isolated in 
the event of a break or other emer- 


gency. Some means of flushing out 
crossings should be provided. 

3.7. Railroad Crossings. Mains to 
be laid across or along railroads should 
be designed to withstand the effects of 
vibration caused by moving trains. 
Joints should be of a type that will 
provide a reasonable degree of flexi- 
bility while remaining watertight. The 
placing of such mains in a tunnel or 
conduit so constructed as to minimize 
the transmission of vibration to the 
main is an effective type of installation. 

3.8. Storage Tanks and Reservoirs. 
Storage tanks and reservoirs shall be 
specifically designed and constructed to 
withstand the functional and external 
load that may come upon them. Ele- 
vated steel tanks, standpipes, and reser- 
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voirs should fulfill the requirements 
of specifications AWWA _ D100. 

3.9. Installation and Testing. Cast- 
iron water mains with lead or com- 
pound joints should be installed and 
tested in accordance with specifications 
AWWA C000. Mains constructed of 
other pipe materials or with other than 
lead or compound joints should be in- 
stalled in accordance with the above 
specifications insofar as it is applicable 
to the pipe material or joint material 
to be used. 


Sec. 4—Sanitary Requirements 


4.1. General. The distribution sys- 
tem shall be designed, constructed, and 
maintained to safeguard the quality of 
the water delivered to the system 
against contamination from any internal 
or external sources during its trans- 
mission from its source to its users. 

4.2. Construction Sanitation.  Be- 
fore excavation of the trench is started, 
all intersecting sewer lines, house sewer 
connections, and other subsurface 
drains should be located and provision 
made to prevent the discharge of wastes 
from such lines into the trench. If any 
such lines are disturbed, they should 
be carefully restored to a tight operat- 
ing condition. Measures should be 
taken to prevent defecation and urina- 
tion in the trench. Suitable sanitary 
conveniences, connected to sewers where 
practicable, should be provided for 
workmen. If sewage does find its way 
into the trench, it should be removed, 
and the contaminated area should be 
disinfected with chlorinated lime. Pro- 
visions should be made for the removal 
of all ground or surface water from 
trenches, and such water should be 
prevented from entering water mains 
being laid. Pipelaying operations 
should be suspended during rains or 
whenever the trench cannot be kept 


| | 
2 


380 


dewatered. A tight stopper or bulk- 
head should be placed at the open end 
of a main being laid at all times when 
pipelaying operations are not in prog- 
ress. 

4.3. Cross Connections. Cross con- 
nections between the public water dis- 
tribution system and any other water 
pipelines shall be permitted only under 
conditions that fulfill the requirements 
of the “Michigan Department of 
Health Regulation for the Protection 
of Potable Water Supplies in Instances 
Where Private Supplies Are Employed 
for Any Purpose Whatsoever,” Sec. 1 
of which states : 

No physical connection shall be in- 
stalled or maintained between lines car- 
rying a potable public supply and pipes, 
pumps, or tanks supplied or possible of 
being supplied, from any nonpotable 
source. Where dual supplies are neces- 
sary or desired, lines carrying water from 
the public supply must be protected 
against backflow of polluted water, by 
means of an atmosphere gap of not less 
than 6 in. This may be accomplished 
by an elevated tank with or without 
hooster pump, or a reservoir from which 
water is pumped. In every case the inlet 
line to the tank, carrying potable water, 
shall discharge at least 6 in. above the 
maximum possible high-water level of the 
tank or reservoir as the case may be. 
Surface water supplies such as streams, 
lakes, and ponds are not considered 
potable. 


Sections 2 to 7 set forth the regulations 
under which a service connection be- 
tween the public water supply system 
and a potable private supply is per- 
missible. 

4.4. Location Related to Sewers. 
Water mains, tanks, and reservoirs 
should be constructed, insofar as pos- 
sible, above the elevation of any sani- 
tary sewers that lie within 10 ft laterally 
of them. Where such a relation can- 
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not be had, extra precautions should 
be taken to secure absolute and perma- 
nent tightness of water-main joints. 
If practicable, the sewer within the 
zone of 10 ft laterally from the water 
main, or 50 ft laterally from a tank or 
reservoir should be constructed of pipe 
with watertight joints. Water mains 
and sewers should not be laid in the 
same trench. 

4.5. Drainage of Hydrants, Vaults, 
and Manholes. Drains from hydrant 
barrels, vaults, and manholes on water 
distribution systems shall not be con- 
nected to sanitary sewers or storm 
water drains. Where practicable, hy- 
drant barrels, vaults, and manholes 
should be drained to the ground surface 
or to dry wells provided exclusively for 
that purpose. 

4.6. Storage Tanks and Reservoirs. 
All storage tanks and reservoirs shall 
be of sanitary, watertight construction 
and shall be made of steel, concrete, or 


other permanent materials. Tanks and 
reservoirs shall be located at safe dis- 


tances from possible sources of con- 
tamination. Tanks and reservoirs shall 
be watertight. Those con- 
crete shall be adequately reinforced to 
prevent the development of cracks, and 
shall be provided with adequate water 
stops at all construction joints. Those 
made of steel shall be thoroughly pro- 
tected against corrosion by means of 
suitable protective coatings. All water 
storage units shall be equipped with 
watertight covers. Manhole openings 
in tanks and reservoirs shall be curbed 
to a height of at least 6 in. above ad- 
joining surfaces. The manhole cover 
shall be watertight and shall overlap 
the curbing and extend downward 
around it for not less than 2 in., and 
shall be secured in place by a hasp and 
lock or other equivalent means. All 
external openings in tanks and _ reser- 


made of 
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voirs shall be so located and protected 
that there is no danger of contamina- 
tion by surface drainage or flood wa- 
ters. Air vents on storage units shall 
be constructed of metal tubing or pipe, 
connected in such a way as to be wa- 
tertight, and with the open end of the 
vent screened with 24-mesh brass or 
bronze screen terminated in a down- 
ward direction by means of an elbow 
or equivalent means, with the lower 
end of the outlet not less than 12 in. 
above the roof of the storage unit or 
less than 24 in. above the established 
ground elevation. Drains and over- 
flows from tanks and reservoirs should 
not be connected to sewers, but should 
discharge to the ground surface at a 
point above any possibility of flooding. 
Tanks or reservoirs built in the ground 
should be located, where practical, so 
that 50 per cent of the water depth is 
above the natural ground level and the 
bottom of the reservoir is above the 
ground water table. Pressure tanks 


should be located wholly above ground, 
or, if below ground level, with one end 
completely exposed in a pit, drained to 
discharge to the ground surface at a 
point above any possibility of flooding. 


4.7. Flushing and Disinfection. Im- 
mediately after construction and before 
placement in service, every water main 
should be flushed and disinfected. In 
the event of subsequent contamination, 
the main should again be flushed and 
disinfected. The flushing and disin- 
fection should be carried out in accord- 
ance with specifications AWWA C601, 
a procedure for disinfecting water 
mains, or “Michigan Department of 
Health Regulations for Cleaning and 
Disinfection of Water Mains.” New 
storage tanks or reservoirs, or those 
which may have been contaminated or 
subjected to the possibility of contami- 
nation during cleaning, alterations, 
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painting, or repairing operations should 
be disinfected before being placed in 
service. The underside of the roof 
of the tank or reservoir should be 
washed with clean water. The walls 
and floor oi the tank or reservoir should 
be thoroughly mopped with a solution 
having a free chlorine concentration of 
at least 100 ppm. The walls and floor 
should then be rinsed by washing with 
a stream of water, which should then be 
wasted. The tank or reservoir should 
then be filled with water dosed with a 
chlorine solution of such strength as 
will produce a residual chlorine con- 
tent of at least 1 ppm at the end of a 
3-hr period. After such a residual has 
been secured at the end of a 3-hr period, 
the reservoir and the water in it may be 
restored to service. 


Sec. 5—Maintenance 


5.1. General. All elements of the 
system should be operated and main- 
tained in such manner as will insure 
its functional efficiency, structural se- 
curity, and sanitary protection. 

5.2. Personnel. All personnel re- 
sponsible for operation and maintenance 
of the system shall be qualified by train- 
ing and experience for their respective 
duties. They shall be informed fully 
of the functional, structural, and sani- 
tary characteristics and requirements 
of the elements of the system with 
which their duties are related. 

5.3. Equipment. Equipment _re- 
quired for operation and maintenance 
of the system shall be suited to its 
purposes and shall be kept ready for 
service. 

5.4. Maps and Records. Complete 
and up-to-date maps of the system, 
drawn to suitable scale, shall be main- 
tained at conveniently available loca- 
tions throughout the system. The lo- 
cations of pipelines, tanks, reservoirs, 
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hooster pumping stations, valves, hy- 
drants, service lines, and other ap- 
purtenances shall be accurately re- 
corded thereon. The direction of ro- 
tation of valve stems and the number 
of turns to close should be noted. De- 
tailed engineering drawings and de- 
scriptive records of operating equip- 
ment and appurtenant pipelines and 
electrical equipment shall be preserved 
in some accessible place. 


Epirors Note: The “Minimum 
Standards for Design, Construction, 
and Maintenance of a Public Water 
Distribution System” constitute a volun- 
tary agreement between the AWWA 
Michigan Section and the Michigan 
Dept. of Health, and are not official 
AWWA standards. Standards of min- 
imum requirements were also adopted 
by the AWWA California Section in 
1948 and were published in the January 
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1949 JouRNAL. The Michigan stand- 
ards were prepared and subsequently 
adopted on Sept. 20, 1951 by the Michi- 
gan Section at the request of the Michi- 
gan Dept. of Health. The need for 
standards was emphasized to the de- 
partment by the frequent requests for 
construction permits to build small wa- 
ter main extensions supposedly costing 
less than $2,000 (see Sec. 1.3 Related 
Laws and Legislation). Most of the 
plans for these extensions were not de- 
signed by registered professional engi- 
neers. Many of the designs violated 
sound engineering principles—espe- 
cially in pipe sizes, location and number 
of valves, pipe materials, fire flows, and 
provisions for future requirements. 
The department could issue construc- 
tion permits only after new sets of 
plans showing properly designed ex- 
tensions were received—usually after 
long delays. 
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Ground-Wire Attachments to Water Pipes 
By R. C. Kennedy 


A paper presented on Oct. 26, 1951, at the California Section Meeting, 
San Francisco, by R. C. Kennedy, Chief Engr., East Bay Municipal 


Utility Dist., Oakland, Calif. 


ECTION 24 of the “Tentative Reg- 
ulations Governing Water Serv- 
ice,” which were approved by the Cali- 
fornia Section AWWA on Oct. 27, 
1950, states (1): 


All individuals or business organiza- 
tions are forbidden to attach any ground 
wire or wires to any plumbing which is 
or may be connected to a service connec- 
tion or main belonging to the utility; the 
utility will hold the customer liable for 
any damage to its property occasioned 
by such ground wire attachments. 


The author prepared this portion of 
the regulations in accordance with es- 
tablished AWWA policy (2) and the 
regulations of the East Bay Municipal 
Utility Dist., which contain a similar 
prohibition against ground-wire con- 
nections, although the rule has never 
been actively enforced. Therefore, the 
numerous objections which were 
promptly registered came as sur- 
prise. Since that time, the matter has 
been further investigated and the au- 
thor is now even more thoroughly con- 
vinced that the prohibition is essential 
in the regulations of every water supply 
utility. 

The difficulty with Section 24 stems 
largely from the fact that it is directly 
contrary to the requirements of the 
National Electrical Code, the Electrical 
Safety Orders of the state of California, 
Division of Industrial Safety, and prob- 


Sec- 
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ably most city electrical codes. 
tion 2612 of the 
Code states: 


System or common grounding conduc- 
tors shall be attached to a water piping 
system on the street side of the water 
meter or on a cold water pipe of adequate 
current-carrying capacity as near as prac- 
ticable to the water service entrance to 
the building. . . . If the point of attach- 
ment is not on the street side of the water 
meter, the water piping system shall be 
made electrically continuous by bonding 
together all parts between the attachment 
and the street side of the water meter 
or the pipe entrance which are liable to 
become disconnected, as at meters, valves, 
and service unions... . 


State and city codes also include this 
requirement by reference to the Na- 
tional Electrical Code. 


Damage to Water Pipes 


There is an obvious and basic ob- 
jection to an order which requires a 
property owner to use and make at- 
tachments to the utility’s pipelines for 
a purpose foreign to their normal 
function, and without the utility’s per- 
mission. From a practical point of 
view, however, there are two main 
questions, the first of which is: Does 
grounding of alternating electric cir- 
cuits to water pipes cause electrolytic 
or other damage to the pipes? 
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The usual electric service to a cus- 
tomer’s premises begins with a trans- 
former at the street line by which high 
voltage is reduced to 220 and 110 v. 
Two wires extend into the building, one 
of which is “live.” The other, or neu- 
tral wire, is grounded to the cold wa- 
ter piping system. If 220 v is re- 
quired for operating such equipment as 
a cooking range, three wires are 
brought in—the two transformer sec- 
ondary wires plus the grounded center 
tap of the transformer. The two trans- 
former secondary wires comprise a 
single 220-v circuit when taken to- 
gether ; in addition, each of them sepa- 
rately, in conjunction with — the 
grounded center wire, provides one 
110-v circuit. The gas main, inci- 
dentally, is commonly insulated from 
the house lines by a special coupling to 
avoid damage to the gas meter from 


electric currents passing through it. 
When a switch is thrown, current 

flows through the live wire to the 

equipment, and, if only one service is 


supplied from the transformer, the 
current flows back to the transformer 
through the neutral wire. Under such 
circumstances, the grounding water 
inain carries no current. If more than 
one service is taken from the trans- 
former, however—which is usually the 
situation in heavily populated areas— 
only a part of the return current flows 
as described through the neutral con- 
ductor on the same property; the re- 
mainder travels through the water 
service piping and main to the neigh- 
bor’s neutral conductor and then back 
to the transformer. The amount of 
the current taking this latter path varies 
from 0 to 100 per cent of the load, with 
an average of approximately 20 per 
cent, depending upon the relative re- 
sistance of the two parallel paths. The 
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neutral side of the transformer sec- 
ondary is also grounded by means of 
a driven rod at the transformer pole. 
Some current may therefore be re- 
turned by this path, but it would nor- 
mally be small unless the other ground- 
ing means is defective. 

In an effort to determine the damage. 
if any, caused by alternating currents 
passing over the water pipes, the 
American Research Committee on 
Grounding, sponsored by AWWA and 
the Edison Electric Inst. and having 
representation from eighteen other na- 
tional organizations, made an extensive 
study of the subject and reported (3) : 


1. Effective grounding of electrical 
circuits is essential to the safety of 
persons and property. 

2. Water pipes are the most efficient 
grounding medium, and regardless of 
what other grounding device might be 
used, incidental metallic contacts usu- 
ally cause the water piping to become 
the actual ground. 

3. The existence of water facilities 
throughout most buildings results in 
many contacts with people and makes 
it necessary that equipment be grounded 
to the piping because, if other means 
were used, the potential difference that 
might exist between the piping and the 
otherwise grounded equipment could 
result in shock. 

4. The voltage on the water lines 
used for grounding purposes appears 
to be approximately 3 to 4 v. 

5. In spite of the large current car- 
ried, no damage to piping or to the 
water within it resulting from alternat- 
ing current grounding was discovered 
by the committee, although many sus- 
pected cases were carefully examined. 


The committee’s study was appar- 
ently thorough and unprejudiced, and 
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the author feels that its findings must 
be accepted until other evidence is pro- 
duced. Thus it may be said that 
grounding of alternating current equip- 
ment to water pipes does not cause 
damage to them. 


Legal Liability 


The second question—Can grounding 
to water pipes involve the utility in a 
legal liability?—is not so easily an- 
swered. Consultation with attorneys 
has given the author some insight into 
the problem. 

The National Electric Code states: 
“circuits are grounded for the purpose 
of limiting the voltage upon the circuit 
which might otherwise occur through 
exposure to lightning or other voltages 
higher than that for which the circuit is 
designed ; or to limit the maximum po- 
tential to ground due to normal vol- 
tage.” 

Three common situations may create 
dangerous conditions on the customer’s 
premises through loss of the protective 
electrical ground : 


1. The use of ‘nonmetallic water 
inains such as ashestos-cement 

2. The use of nonmetallic service 
lines such as the numerous plastics 
now becoming popular 

3. The removal of the water meter, 
even temporarily, unless a bonding 
jumper is substituted. (If such jump- 
ers are not installed at meters, the code 
is being violated by the property 
owner. 


It is recognized in the National Elec- 
tric Code that 10 ft of buried pipe in 


normal earth constitutes a favorable 
electrical ground. In dry ground, how- 
ever, such as some sandy soil or the 
soil under a paved driveway, 10 it of 
buried pipe furnishes little effective 


GROUND WIRE ATTACHMENTS 


385 


protection. Frequently the meter is ac- 
tually within the basement of apartment 
houses or commercial buildings, thus 
affording no ground whatever inside the 
meter location. The occupants of these 
buildings are in danger if reliance is 
placed on water pipes for the ground- 
ing medium, unless the service line and 
main are metallic and continuous. 

Every utility engineer is fully aware 
that the water piping is used for elec- 
trical grounding, and that it constitutes 
an important safeguard against per- 
sonal injury and property loss. Under 
the law he is endowed with “superior 
knowledge” of these facts. It is im- 
possible for him to avoid the use of 
piping facilities for this purpose, and 
the law governing the installation of 
electrical equipment compels the elec- 
trical contractor to use them. Can he 
then take away the protection afforded 
by his facilities without liability for 
damage resulting from this act? It 
will be interesting to learn the decision 
of the court in the first case over this 
question, but meanwhile there are three 
things which the utility engineer can do 
io protect his organization : 


1. Prohibit the use of water piping 
for grounding purposes, even though 
the rule is not actively enforced, and 
give each new customer a copy of the 
regulations so that he will have full op- 
portunity to know the conditions under 
which service is granted. 

2. Notity all licensed electrical con- 
tractors that the water system is not 
provided for grounding purposes, and 
that pipelines will not necessarily be 
permanently suitable for this purpose. 

3. Notify the customer in writing 
whenever the normal continuous metal- 
lic ground connection afforded by the 
water pipe is interrupted. 
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Other Solutions 


There is another possible approach 
to this problem which deserves careful 
consideration. Possibly water utilities 
should recognize the dual use of their 
facilities, and provide suitable ground- 
ing at all customers’ premises as a part 
of the service. If this decision is 
reached, all meters should be provided 
with properly designed bonding jump- 
ers, and nonmetallic service lines or 
mains should be used only where suffi- 
cient ground contact is assured by the 
remaining metallic piping not so iso- 
lated. Also, the types of pipe joint and 
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the conductivity of the jointing ma- 
terials would have to be considered. 
This alternative becomes another legal 
question, however, on which an at- 
torney’s views are required. 
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Notes on Modern Swedish Water Supply 
and Treatment Practices 


By Amos J. Alter 


A contribution by Amos J. Alter, Director, Div. of Sanitation & Engi- 
neering, Alaska Dept. of Health, Juneau, Alaska. 


ANY water supply and water 

treatment practices now used in 
Sweden are of general interest—some 
because of the lack of similar practice 
in continental United States, others 
because of a somewhat different ap- 
proach to problems well known to the 
American water supply and treatment 
profession. Modified design for rapid 
sand filters, development of artificial 
ground water supplies, and the use of 
a combination of activated calcium and 
magnesium carbonate with magnesium 
hydroxide are but a few of the in- 
teresting Swedish practices. 

Sweden, a country of approximately 
the same size and population as Cali- 
fornia, enjoys a climate and has a ter- 
rain quite similar to the British Colum- 
bia coast of Canada. North Sweden, 
being somewhat removed from the in- 
fluence of coastal waters, experiences 
a subarctic climate. Manufacture of 
iron and steel, electrical machinery, 
porcelain, glass, and forest products, as 
well as the primarily agricultural econ- 
omy of the country, has presented ex- 
tensive water supply needs for both in- 
dustrial and domestic purposes. Stock- 
holm, the largest city, with a population 
of approximately 1,000,000 in the 
city and environs, has made many ad- 
vances in providing safe water supply 
since the establishment of the water 
works department in 1861. As in 


Stockholm, the utilities in most com- 
munities of Sweden are under public 
ownership. Although public water 
supplies are large in number, most of 
them are small in size. Only two or 
three of the largest are equipped to 
carry on investigative and develop- 
mental work. 

Physical, chemical, and bacteriologi- 
cal standards for domestic water sup- 
ply are fairly high throughout the 
country. The greatest part of com- 
munity water supply in Sweden is pro- 
vided from surface sources. A con- 
siderable number of communities all 
over the country, however, are sup- 
plied with ground water. Most of the 
surface waters are relatively soft, fairly 
clear, and highly colored because of a 
high content of organic matter. 


Artificial Ground Water Supplies 


Since the development of the first 
ground water recharging plant in Swe- 
den by J. G. Richert in 1897, the use of 
artificial ground water has increased 
gradually until now approximately 10 
per cent of the urban population is 
served from such sources. Artificial 
ground water recharge methods were 
adopted at Sala in 1903, Orebro in 
1918, Lulea in 1932, Eksj6é in 1936, 
Halsingborg and Katrineholm in 1937, 
and the communities of Karlskoga, 
Kristinehamn, and Eskilstuna in 1949. 
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t Facilities for artificial recharge are to 
be completed at Malmo, Vasteras, 
Karlstad, and some other towns within 
the next two or three years. Scottish 
experiments in 1810 and French ex- 
periments a few years later merely 
utilized filter galleries which provided 
natural filtration. Direct application 
of surface water to a point on the sur- 
face of the soil from which it is al- 
lowed to percolate into the ground wa- 
ter, is typical of present-day Swedish 
practice. As clogging of filter beds 
or the surface of the recharge area 
with algae and organic material has 
often presented problems, the need for 
effective pretreatment of surface water 
prior to discharge into the natural 
aquifer has been recognized. 

A diagram of the ground water re- 
charge facilities for the city of Eskil- 
stuna is presented in Fig. 1. In this 
community, the surface water con- 
tained much organic material. Re- 
charge facilities provide for its con- 
tinuous removal prior to application of 
water to the recharge area. Slightly 
turbid water would otherwise gradu- 
ally penetrate and clog pores of the 
soil, thus destroving any purifying 
capacity of the aquifer. 

Glaciation in Scandinavian countries 
has left unsorted morainal deposits. 
partly covered by clays. Such deposits 
are somewhat impermeable and dis- 
continuous, thus being of little value 
as a source ior a large ground water 
supply. The appearance of gravel 
eskers as a result of the glacial action 
has, however, in many places, left long 
and narrow aquifers consisting prin- 
cipally of sand and gravel. Although 
storage capacity of these aquifers is 
quite low, they make an excellent na- 
tural reservoir for use in artificial re- 
charge of ground water. The recharge 
area at Eskilstuna is over an esker. 
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Earlier artificial recharge plants, which 
did not provide for preparation of the 
water prior to recharge, suffered ex- 
periences such as that at Sala, where, 
although a distance of 500 ft was left 
between recharge basin and pumping 
well, highly colored and turbid water 
completely penetrated the natural sand 
layer and well water began to increase 
in color in a period of 35 years. 

It has been found that the rate of 
recharge of water to an esker must be 
carefully regulated and that it is pref- 
erable that flow be continuous during 
winter months to prevent freezing. 
According to consulting engineer Vic- 
tor Jansa, of Stockholm, percolation 
of water through the air-filled layers of 
gravel produces an action like that 
of a trickling filter, and decrease in 
oxygen content in the recharge water 
indicates that an oxidizing process oc- 
curs. Jansa proposes that further 


aeration be provided by injection of air 


into the ground at some depth below 
the infiltration area. The temperature 
equalizing effect, which passage through 
the esker exerts upon the water is of 
considerable importance. The water 
is somewhat warmed in winter and 
cooled in summer. The ideal storage 
time for recharge water is assumed to 
be six months. Thus, with optimum 
storage, water which is stored in the 
winter would be taken from the well 
supply during summer. Artificial re- 
charge methods have been used suc- 
cessfully in freshening a well which 
produced fresh water at installation, 
but later produced salt water. Natu- 
ral recharge methods for lowering the 
salinity of ground water are commonly 
used, particularly in countries like 
Holland where salt water intrusion 
presents a continuing problem. 

It is claimed that Swedish recharge 
methods : 
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1. Make coagulation and settling 
unnecessary. 

2. Through biological action in a 
natural aquifer, afford the most suit- 
able means for taste and odor control. 

3. Make surface waters more palat- 
able by temperature adjustment. 


Treatment Plant Modifications 


Filter underdrains in some modern 
rapid sand filtration plants in Sweden 
are constructed by using a perforated 
screen or strainer made of noncorro- 
sive metal placed on a false bottom. 
It is believed that use of such a perio- 
rated bottom provides much better dis- 
tribution throughout the filter. Slightly 
larger sand particles than now used in 
the United States or previously used 
in Sweden are being employed in new 
filters. Grading of sand in new type 
filters of the leading water treatment 
plants (among them Stockholm) ranges 
from 09 to 1.5 mm. More extensive 
use is also being made of surface 
washing equipment to supplement the 
reverse flow washing. Surface wash 
is with water jetted from a fixed pipe 
system above the filter surface, usu- 
ally at a rate of approximately 3 to 4 
gpm per sq ft, whereas the reverse flow 
wash water rate is approximately four 
to six times the flow rate for the sur- 
face wash. Use of slow sand filters 
as a finishing process for taste and 
odor control is receiving considerable 
attention at many water treatment 
plants in Sweden. Usually, however, 
modern rapid sand filters are not fol- 
lowed by slow sand filters. 

It is reported that the customary 
“schmutzdecke,” which accumulates on 
slow sand filters, is not rapidly formed 
when such filters are used only for a 
finishing treatment to the effluent from 
a rapid sand filter plant. It has also 
been found that the “schmutzdecke” 
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is not essential in the use of the slow fil- 
ter for taste and odor removal. This 
action of the slow sand filter is attrib- 
uted to bacterial activity influenced by 
chemical oxidation of organic com- 
pounds dissolved in the water. The 
consumption of oxygen is easily dem- 
onstrable in filters used as finishing 
filters. Alkalizing the water passing 
through the slow sand filter to a pH of 
approximately 8.5 (inhibitive to pro- 
tozoa and abundant algae life) makes 
taste and odor control more effective 
than is experienced when water with 
a lower pH is passed through the filter. 
Small amounts of nitrogen and phos- 
phorous added to the water prior to 
slow sand filtration also appear to im- 
prove functioning of the filter for fin- 
ishing treatment. A ripening period is 
required, however, if the slow filter is 
to do an effective job. 

Some Swedish authorities report 
that disinfection of the water by chlo- 
rination or similar means, prior to slow 
sand filtration, makes operation of the 
filter ineffective. Further investiga- 
tion of this point is necessary. A con- 
siderable amount of the experimenta- 
tion on the use of the slow sand filter 
for taste and odor control has heen 
done at the Lov6 Water Purification 
Plant in Stockholm. 

“Elektromagno,” a material of which 
both the manufacture and use have 
been patented, is now receiving some 
attention as a chemical for use in mu- 
nicipal water treatment. Although no 
Swedish plant of importance has 
adopted the material, its application to 
water treatment problems in small pub- 
lic supplies as well as in swimming 
pools is being carefully followed. 

The material consists of dolomite 
heated in a special process. First de- 
veloped for use in corrosion control, it 
also appears to be an effective agent 
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for removal of iron and manganese, 
especially for use in small installations. 
“Elektromagno” is produced as a 
granular material and is used as a fil- 
tering medium both in pressure and 
gravity type filters. Grain sizes range 
from 1 to 4 mm. The grains are of 
irregular shape and are expended 
through chemical combination in the 
treatment process, as well as through 
mechanical wear and losses in wash 
water. Theoretically, 1 g of carbon 
dioxide combines with 1.2 g of “Elek- 
tromagno.” In general practice, how- 
ever, 1 g of carbon dioxide may be ex- 
pected to combine with or use 1.5 g 
of “Elektromagno.” Filtering rates 
through the specially prepared filter 
range from 3 to 6 gpm per sq ft for 
pressure filters, and from 2 to 4 gpm 
per sq ft for gravity filters. Backwash 
rates are reported to be approximately 
12 gpm per sq ft. 

Use of “Elektromagno” for corro- 
sion control for either soft or hard wa- 
ters depends upon formation of a car- 
bonate film as the result of pH adjust- 
ment or calcium carbonate balance. 
Adjustment of pH and calcium car- 
bonate balance are said to be automatic 
under operating conditions. With the 
material, pretreatment by free residual 
chlorination during a long contact pe- 
riod makes iron removal feasible if it 
occurs as an organic salt in combina- 
tion with humic acids. The degree 
of oxidation is dependent upon pH, a 
high pH facilitating oxidation. Thus, 
through prechlorination and pH ad- 
justment, removal of iron from very 
soft waters may be accomplished. Re- 
portedly, increased velocity, made pos- 
sible through use of the irregular- 
shaped grains which exhibit a greater 
surface area, results in instantaneous 
formation of a heavy floc directly at 
the point where the surface activity oc- 
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curs. Since most activity occurs at 
the surface of the filter, the greatest 
part of the precipitant is caught in the 
upper portion of the filter, thus leav- 
ing the filter in a condition for rapid 
and easy washing. “Elektromagno” has 
also been successfully used for the re- 
moval of manganese. 


Summary 


Many interesting water supply and 
treatment practices are being used in 
Sweden. Some of these practices may 
be suitable for more extensive use in 
the United States if geological, physi- 
cal, and economic considerations justify 
their adoption. Treatment of surface 
waters before utilizing them in recharg- 
ing confined ground water aquifers; 
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use of perforated underdrains for 
rapid sand filters; increased sand size 
and surface washing with water for 
rapid sand filters; and the use of 
chemically active filters in corrosion 
control and in iron and manganese re- 
moval—all are receiving much con- 
sideration and wide use in Sweden at 
the: present time. 
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Rates and Rate Structures for Water Utilities 
in Pennsylvania 


By W. James MacIntosh 


A paper presented on Sept. 21, 1951, at the Pennsylvania Section 


Meeting, Philadelphia, Pa., by W. 


Law, Morgan, Lewis, and Bockius, 


HE supply of water to the public 

is a field in which public ownership 
and operation have been predominant 
for many years. There still remains in 
Pennsylvania, however, a large number 
of privately owned water utilities. The 
principles developed by the Public 
Utility Commission and the courts to 
govern rates and service by private 
companies to a very large extent also 
control the rates and rate structures of 
publicly owned systems. This paper 
reviews some of the more significant 
differences between publicly and_pri- 
vately owned water utilities, including 
methods of financing, source of reve- 
nue, annual revenue requirements, and 
government regulation. 


Methods of Financing 


Among the most significant differ- 
ences in the financing methods avail- 
able to the two types of ownership are: 
[1] the ability of certain types of pub- 
licly owned water utilities to assess ad- 
jacent property; [2] the existence of 
equity capital—that is, common and 
preferred stock—in privately owned 
utilities; [3] the use of revenue and 
general obligation bonds by public utili- 
ties as opposed to the use of mortgage 
bonds and notes by private companies ; 
and [4] the availability of federal aid 
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to certain publicly owned water utili- 
ties. 
Assessment of Adjacent Property 

One of the principal sources of capi- 
tal available to certain types of publicly 
owned utilities arises from the au- 
thority to assess the cost of certain 
capital additions against the adjacent 
property which is benefited. By com- 
parison, the private utility has no simi- 
lar means of financing open to it ex- 
cept to the limited extent by which it is 
able to require customer contributions 
generally under some form of deposit 
and refund agreement. The existence 
of this difference undoubtedly has an 
effect upon the willingness of each type 
utility to extend its service into new 
and undeveloped areas. The privately 
owned utility cannot make such ex- 
tensions unless the revenue from the 
additional customers secured is suffi- 
cient to meet the added expenses in- 
volved and to provide a return upon 
the needed capital investment. At 
present, capital costs are so high that 
the private company can seldom afford 
to make such additions without sub- 
stantial contributions from the cus- 
tomers. Those publicly owned sys- 
tems which have the power to assess 
adjacent property do not have the same 
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problem because a major portion of 
the money required to meet the capital 
expenditures can be provided through 
assessment. Moreover, the assessment 
can be levied upon all adjacent property 
regardless of actual use so that the ini- 
tial capital outlay is more equitably dis- 
tributed than that of a private com- 
pany which can only secure contribu- 
tions from the immediately prospective 
users. 

The power to make assessments has 
a definite effect upon the rates charged 
by the utility. It is possible, generally, 
to establish lower rates when the cost 
of capital expenditures is made through 
assessments rather than through other 
sources of capital upon which interest 
or return must be paid. When cus- 
tomer contributions are deducted from 
the rate base of private utilities, the 
contributions also have a tendency to 
reduce the rates which are charged. 
Under present methods for securing 
such contributions, however—that is, 
agreements providing for deposit of 
funds with refund over a period of time, 
as new customers are added—the cus- 
tomer’s contribution remains a liability 
of the private water company and, 
therefore, should not be deducted from 
its rate base so long as the potential 
liability to refund continues. 


Equity Capital 


Privately owned water utilities are 
always financed, at least in part, by 
equity capital, whereas this source is 
not available to publicly owned utili- 
ties. This existence of equity capital 
is reflected in a different attitude to- 
ward the return which the private 
company must earn and, therefore, has 
a definite effect upon the rates which 
are charged by it. The private com- 
pany must earn a sum over and above 
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its expenses sufficient not only to pay 
the interest on its funded debt—its 
bonds and notes—but also to pay divi- 
dends upon its common and preferred 
stock. Its failure to earn such a re- 
turn will seriously affect the market- 
ability of its securities and will im- 
pair its ability to secure additional 
capital when capital expenditures are 
required. The publicly owned utility, 
of course, does not have this problem 
and as long as it is able to meet its 
operating expenses and to pay the in- 
terest and amortization requirements 
on its debt, it is under no obligation to 
secure a return over and above these 
amounts. To the extent that it does 
secure a return above costs, however, 
its ability to borrow additional money 
at low interest rates is improved. 


Bonds 


Although the debt financing of the 
privately owned utility is done almost 
exclusively through mortgage bonds 
and to a lesser extent through short- 
term bank borrowing, the publicly 
owned utility is able to finance through 
general obligation bonds, which place 
the taxing power of the municipality 
behind the debt, and through revenue 
bonds, which provide for payment of 
interest and principal out of the reve- 
nues of the particular project being 
financed. These different methods of 
financing bonded indebtedness affect 
the level of rates and charges of the two 
types of utilities in two ways: [1] the 
publicly owned utility tends to benefit 
by lower interest requirements resulting 
primarily from the tax-exempt status 
of municipal obligations, so that the 
needed total annual revenue is _ re- 
duced; and [2] the publicly owned 
utility is generally required to amortize 
the principal of its funded debt, whereas 
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private companies seldom do this to 
any significant extent. The latter fact 
may tend to increase the annual reve- 
nue requirements of the public com- 
pany so as to offset partially the addi- 
tional return which the private com- 
pany must earn to support its equity 
capital. Of course, less additional 
revenue will be required if depreciation 
reserves are used for this purpose. 
Federal Aid 

Not infrequently the publicly owned 
water utility is able to secure loans and 
grants from the federal government to 
extend or improve its system. This 
source of funds is seldom open to pri- 
vate companies, except for limited as- 
sistance they may receive for extension 
of facilities during wartime to meet in- 
creased demands created by enlarged 
government and industrial facilities. 


Sources of Revenue 


The principal sources of revenue for 
both publicly and privately owned 
utilities are the rates and charges 
which are made against the water 
users. Frequently, however, publicly 
owned utilities have also been permitted 
to make an annual charge against 
property regardless of whether the par- 
ticular property actually uses the serv- 
ice or not. Such a charge is levied on 
the theory that even nonusers derive 
considerable benefit from the existence 
of the water system and that they 
should be required to pay for that 
benefit. In the report of the Joint 
Committee on Rates and Rate Struc- 
tures (1), it was recognized that such a 
charge is proper and that, whenever 
possible, making a charge to nonusers 
should be continued and extended. 

The authority of publicly owned 
utilities to make such a charge is not 
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clear in all jurisdictions. The pri- 
vately owned water utilities, however, 
clearly have no such authority, and 
some members of the Joint Committee 
seriously doubted whether such a right 
should ever be conferred upon private 
utilities, regardless of the extent to 
which they may be regulated by public 
utility commissions. It is clear, how- 
ever, that a charge to nonusers for the 
benefit which they receive from a utility 
is fair, and that such charges, at least 
by publicly owned companies, should 
be encouraged. 

Both publicly and privately owned 
water utilities have a source of revenue 
in the charges for public fire protection. 
A private company usually makes the 
charge against the municipality which, 
in turn, collects it from the citizens 
of the community through its general 
taxes. Inasmuch as the existence of 
this service is of benefit to the entire 
community, it would seem reasonable 
that its cost should be returned to the 
utility by all of the citizens. Many 
publicly owned utilities make no charge 
for fire protection service, however. 
If they fail to make this charge, the ac- 
tual customers of the company may be 
required to pay a greater percentage of 
the revenue requirements of the water 
system than is fairly allocable to them, 
unless the difference is adjusted by 
means of municipal contributions to 
the utility out of funds collected from 
other sources. 


Annual Revenue Requirements 


The most significant distinctions be- 
tween public and private water utilities 
are in the annual revenue requirements. 


Operation and Maintenance Expense 


With minor exceptions, the opera- 
tion and maintenance expense of a 
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utility should be approximately the 
same regardless of the type of owner- 
ship. Many publicly owned utilities do 
not maintain separate accounts, how- 
ever, and engineering, billing, and col- 
lecting services are frequently pro- 
vided by the municipality itself with- 
out careful allocation of their cost to 
the water system. This _ practice 
shifts the burden unfairly upon the 
taxpayers at large unless it is offset 
by payments from the water system 
into the general fund or other equiva- 
lent benefits. 


Depreciation 


Inasmuch as the property of a water 
utility will depreciate at the same rate 
regardless of the type of ownership, 


annual depreciation should be ac- 
counted for by both publicly and pri- 
vately owned utilities. Privately 


owned utilities are uniformly required 
to account for depreciation, but pub- 
licly owned utilities are not. Fre- 
quently depreciation is forgotton en- 
tirely or is covered only to a limited ex- 
tent by the amortization requirements 
for paying off the bonded indebtedness 
of the utility. 


Taxes 


The exemption of publicly owned 
water utilities from federal income 
taxes and from most state income taxes 
is the most significant difference be- 
tween publicly and privately owned 
water utilities. With corporate in- 
come tax rates above the 50 per cent 
level, the private company’s rates 
must produce net earnings before 
taxes in excess of $2.00 in order to 
provide each $1.00 of net earnings per 
share of equity capital. As profits are 
required to maintain the marketability 
of its securities and its ability to se- 
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cure additional capital, the require- 
ment of revenue to meet taxes is an 
important one for the private com- 
pany. The publicly owned utility, 
which can be operated at a profit 
without this burden, should be in a 
position to maintain a lower level of 
rates or a higher level of capital im- 
provements financed through income. 


Debt 


The interest-on-debt requirements of 
both private and publicly owned utili- 
ties are substantially the same except 
that the publicly owned utility can 
generally secure lower interest rates 
than those available to the private 
companies. The private utility does 
not retire its outstanding debt except 
to a limited extent, but, rather, refunds 
it from time to time as it becomes neces- 
sary or advisable. The publicly owned 
utility, on the other hand, usually 
makes substantial annual disbursements 
for this purpose. If the debt retire- 
ment requirements are equal to or less 
than the annual allowances for de- 
preciation, however, it is possible for 
the publicly owned utility to use its de- 
preciation funds for this purpose. If 
the requirements are greater than the 
annual depreciation allowance, the util- 
ity will require additional funds which 
must be secured through its rates and 
charges. Funds secured through de- 
preciation accruals are also available 
for property additions, however, and 
if these funds are used to retire exist- 
ing debt, it may ultimately be neces- 
sary to incur additional indebtedness 
to meet necessary improvement costs. 

In addition to the above require- 
ments, the private utility must earn 
a return sufficient to maintain the value 
of its equity securities and to attract 
new capital when required for exten- 
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sions and improvements. The pub- 
licly owned utility, on the other hand, 
has no such requirement and, except 
to the extent that additional revenues 
may affect the interest rates at which 
it can borrow, there is no need ior it 
to earn a return above the revenue 
requirements heretofore mentioned. 
When publicly owned utilities do earn 
additional revenues, they frequently 
pay the excess into the general fund 
of the municipality, probably on the 
theory that it constitutes a return to 
the taxpayers on their investment. 
The wisdom of following such a prac- 
tice, as opposed to reducing rates in 
order to eliminate the excess, is con- 
troversial, particularly if the plant has 
been financed by earnings of the water 
system rather than by proceeds of gen- 
eral taxes. 


Government Regulation 


In the regulation of rates of publicly 
and privately owned water utilities in 
Pennsylvania, differences exist in both 
the principles applied and the method 
of enforcement of the principles. 

The most comprehensive discussion 
of the principles which govern the rates 
of publicly owned water utilities in 
Pennsylvania is found in the decision 
of the Supreme Court in Shirk v. Lan- 
caster City.* In that case the court 
indicated that a municipal water system 
should establish rates sufficient to 
cover operating expenses and contin- 
gencies, a depreciation charge, and a 
fair return on the present value of the 
plant. The court indicated that fair 
value should be determined in the same 
manner as that of a private corpora- 
tion, that debt service charges should 
be compensated from the return al- 
lowed, and that any profit over and 
*313 Pa. 158 (1933). 
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above this amount could be used to 
meet general governmental expenses. 
The court did recognize, however, that 
at least in theory, a municipally owned 
plant should provide service without 
a profit as that term is normally un- 
derstood in the utility field, and that 
profits should not be so large as to 
produce unreasonable discrimination or 
preference in the tax burdens. 

Although the Lancaster City de- 
cision would seem to indicate that the 
principles governing rates for publicly 
owned water utilities were identical 
with those governing the private com- 
panies, it does point out one significant 
difference. A municipally owned sys- 
tem, which furnishes service to inhab- 
itants of the suburbs, it was observed, 
must segregate its property and ex- 
penses between that required for serv- 
ice to the suburbs and that for service 
to the city. In later decisions, it has 
even been recognized that a municipally 
owned plant may treat customers served 
outside its limits differently by demand- 
ing a profit from them while foregoing 
all or a portion of the profit from those 
within the city limits. 

Since the Lancaster City decision, 
one further significant difference be- 
tween publicly and privately owned 
water systems has developed on the ba- 
sis of the principle established in State 
College Borough Authority v. Pennsyl- 
vania Public Utility Commission.t 
This decision held that if operating 
costs plus a reasonable return on the 
proper rate base did not provide ade- 
quate funds to meet bond obligations, 


+ Ambridge Borough v. Pennsylvania Pub- 
lic Utility Commission, 137 Pa. Super. 50 
(1939), and Altoona v. Pennsylvania Public 
Utility Commission, 168 Pa. Super. 251 
(1951). 

£152 Pa. Super. 363 (1943). 
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an additional allowance should be made 
for that purpose. 

For the enforcement of these prin- 
ciples of rate regulation, a privately 
owned company is under the jurisdic- 
tion of the Public Utility Commission, 
whereas a publicly owned utility, ex- 
cept for service outside the municipality 
is subject to the supervision of the 
courts and to such influence as the 
voters may have. The chief signifi- 
cance of this difference lies in the fact 
that the private company generally has 
the burden of proof in establishing the 
fairness of its rates or the adequacy of 
its service whereas the publicly owned 
utility is required to uphold its rates 
and service only when an action is 
brought by a particular citizen or 
group. Even then, the burden of 
proof rests with the complaining party. 
To some extent this difference may 
make it easier for the municipality to 
increase its rates when additional reve- 
nue is required, although the pressure 
of the voters, together with the super- 
vision of the courts, provides an ef- 
fective method of regulation and con- 
trol when the issues involved are of 
major importance to any substantial 
consumer or group of consumers. 


Recent Legislation 


A number of bills introduced in the 
1951 session of the Pennsylvania 
Legislature were directly concerned 
with the water works field. Five of 
these represented an effort to use water 
utilities as a source of information, 
service, or enforcement for municipal 
sewage works, and were undoubtedly 
prompted by the rapid development in 
municipal sewage treatment and the 
need for adequate and sound methods 
of charging for the service and of en- 
forcing that charge, in order to per- 
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mit the financing of improvements on 
reasonable terms. Two of these bills, 
which were finally enacted, required 
water utilities serving first and second 
class townships to furnish a list of wa- 
ter meter readings or flat-rate compu- 
tations as a basis for ascertaining town- 
ship sewer service charges. The other 
three bills, which dealt with municipal 
authorities and municipalities generally, 
contained similar provisions with re- 
spect to furnishing information but, in 
addition, they authorized and required 
water utilities to shut off water service 
for nonpayment of sewer service 
charges and authorized the water util- 
ity to provide billing and collecting 
service. These bills provided for com- 
pensation to the water utility for these 
added services but unlike the first two 
they did not provide for reimburse- 
ment of the utilities’ reasonable ex- 
penses in furnishing information. One 
of these bills, which dealt with sewer 
authorities of second class counties and 
first class cities, became law, but only 
after a House of Representatives 
amendment exempting privately owned 
water utilities from its requirements 
was adopted. Further efforts to secure 
this type of legislation may be expected 
in future sessions, but so long as its 
application is limited to communities in 
which two separate municipal authori- 
ties are involved in providing the two 
types of service, it will represent no 
serious departure from normal prac- 
tice. 

Further legislation which faced no 
serious obstacle was enacted to pro- 
vide municipal authorities with the 
power of eminent domain over small 
minority stock interests in properties 
they were acquiring. Another bill 
which enabled municipalities to re- 
quire water utilities to introduce fluo- 
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rides into their supplies, with no pro- 
vision for reimbursement of the utility 
for this service, did run into opposition 
and ultimately failed to pass the legis- 
lature. 


Conclusion 


This review of the differences be- 
tween publicly and privately owned 
utilities has necessarily been brief. 
The author has endeavored merely to 
emphasize those differences which have 
particular significance in the determina- 
tion of fair and proper rates and charges 
for service. Although the differences 
in controlling legal principles are rela- 


Jour. AWWA 


tively slight, wide variaticns in prac- 
tice exist. To a large extent the re- 
cent studies of the Joint Committee on 
Rates and Rate Structures have been 
designed to further the general under- 
standing of the controlling principles 
and the reasons which lie behind them 
so that the discrepancies in actual prac- 
tice may be gradually reduced or elimi- 
nated. 
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Suburban Main Extension Policies 
By W. Victor Weir 


A paper presented on Feb. 13, 1952, at the Indiana Section Meeting, 
Indianapolis, by W. Victor Weir, President & General Mgr., St. Louis 


County Water Co., St. Louis, Mo. 


ATER main extension policy has 

always been a water utility prob- 
lem and one which has grown progres- 
sively more critical. Inflatidn and its 
resultant increased cost of extensions 
and plants grinds the water utility on 
one hand, while the unrealistic belief 
that water rates shouldn’t be increased 
grinds on the other. Either of these 
forces—unrealistic rates or high cost 
mains installed under an antiquated ex- 
tension policy—can get a utility into 
financial trouble. 

The automobile has changed the 
complexion of the water main exten- 
sion problem. No longer is com- 
munity development the regular en- 
largement of an urban area. Just as 
long as a real estate development is 
within commuting distance by auto, 
a development may be successful. 
Many calls for water main extensions 
are made for sporadic developments in 
the satellite areas around a city. The 
odds are that these extensions may not 
even be within the city limits, and may 
be in areas which the city will not an- 
nex for years to come. 


Financing Extensions 


The first problem to be solved in 
considering main extension policy is: 
Shall new customers requiring exten- 
sions be subsidized at the expense of 
the old customers? Many people do 


not understand the role “old custom- 
ers” play in extension rule policy. 
They think the question of financing 
an extension is a matter entirely be- 
tween the water department or the wa- 
ter company and the person or real 
estate firm wanting the extension. The 
usual reaction is that extension rules 
should be liberal, and that any harm 
to the utility is inconsequential. 

The utility may not suffer if annual 
rate increases are made, but annual 
rate cases are undesirable from every 
standpoint. The ability of a utility to 
finance improvements of plant and pri- 
mary main enlargements may, how- 
ever, be injured if overly large invest- 
ments are made in distribution main 
extensions, service pipes, and meters. 

Actually, the water utility is simply 
a middle man in the problem of main 
extensions. If extension terms are 
overly favorable to new customers, they 
have to be unfavorable to old custom- 
ers. The water rates to old customers 
will have to be increased, not only be- 
cause of any increased expenses for 
serving them, but also because their 
water rates must include the subsidy 
given to new customers. 

Many utilities have considered 
changing extension rules written ten 
or fifteen years ago, but have met with 
comparatively little success. There are 
several reasons : 
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1. The old customers, or the persons 
who should represent them, don’t real- 
ize the injury done to them through 
higher water rates caused by overly 
liberal extension rules. The old cus- 
tomers, as a group, are not vocal. 

2. The real estate people needing 
extensions are a vocal group and are 
usually well organized. Pressure 
groups usually get things their way, 
with the result that antiquated exten- 
sion policies are allowed to remain. 

3. The feeling that community 
growth should be encouraged may be 
so strong that all the costs of such pro- 
motion may not be known or consid- 
ered. Few people realize that their wa- 
ter rates have been or may be increased 
simply because the community has got- 
ten larger. They mistakenly believe 
costs should tend to be lower because 
more people are being served. 

4. Often the utility managements, or 
the persons who write extension rules, 
have not realized the impact unrealis- 
tic extension rules may have upon the 
water supply business. They have an 
idea that the extension rules may be 
inequitable, but they don’t know what 
to do about them. 


Municipal and Private Utilities 
The AWWA Committee on Water 


Main Extension Policy has endeavored 
to find a common ground between mu- 
nicipal and private water utilities which 
would permit making water main exten- 
sion policies similar for each type of op- 
eration. It has failed because of es- 
sential differences: [1] the municipal 
utility serves at cost, and “cost” may 
include large or no capital charges de- 
pending upon whether the system is 
being paid for, or has been paid for, 
whereas the private utility must always 
include a return upon the investment 
made, but cannot get a return of capi- 
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tal in the water rates in excess of rea- 
sonable depreciation charges; and [2] 
within its city limits the municipal wa- 
ter utility is a quasi-governmental op- 
eration, whereas the private utility is 
strictly and wholly proprietary. 

When a municipal utility operates 
outside its city limits, however, its 
situation parallels that of a private 
utility; it is there as a_propietary 
agency. Therefore, when suburban 
water main extension policy is con- 
sidered, there should be little difference 
between municipal and private opera- 
tion. Each should receive a profit— 
that is, a return upon the investment 
made to serve suburban customers— 
and the formulas governing suburban 
extensions should be similar. 

Also, when a municipal utility, as 
well as a private utility, starts serving 
a suburban area outside its city lim- 
its, it is generally under obligations to 
serve, and to expand service, in the 
suburban area. On Jan. 12, 1951, the 
Pennsylvania Superior Court required 
the city of Altoona to accept such sub- 
urban extensions,* and, in commenting 
upon the basis upon which such ex- 
tensions should be made, said: 


But the city will be entitled to a reason- 
able return on whatever expenditure may 
ultimately be ordered by the commission, 
based upon substantial evidence with ra- 
tional probative force. On this phase of 
the case it should be noted that a munici- 
pal water company may serve residents 
within the city at cost, but is entitled to 
a profit on service in territory outside its 
boundaries. Ambridge v. Public Utility 
Commission (1939) 137 Pa Super Ct 50. 
31 PUR NS 50, 8 A2d 429. The com- 
plainants in this case will not necessarily 
be obliged to bear the entire cost of ex- 
tensions of proper mains for service to 
their properties, but they may be required 


*88 PUR NS, p. 371. 
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to pay the city a reasonably profitable 
return on the investment involved. It is 
not unusual for a municipality under such 
circumstances to require security assur- 
ing an adequate return until such time 
as additional users connecting with the 
mains make the extension self-support 
ing at rates, as fixed by the commission, 
or by agreement by the parties. 


What factors must be considered to 
determine the profit the utility should 
receive, and the amount of investment, 
if any, the utility may prudently make 
in a suburban extension? This is the 
same question which confronts the 
private utilities in determining exten- 
sion policy. <A principal difference ex- 
ists, however: in most states the poli- 
cies of private utilities are determined 
by rules approved by, or written by 
utility commissions. In only a few 
states are municipal utilities bound by 
the regulations of utility commissions, 
even in making suburban extensions. 
A basic assumption may, however, be 
accepted—that both municipal and pri- 
vate utilities are in suburban areas on 
a proprietary basis, and their subur- 
ban extension policies should be similar. 

In Indiana, the extension policies of 
both publicly and privately owned wa- 
ter utilities are governed by Public 
Service Commission “Rules and Stand- 
ards of Service for the Water Utilities 
of Indiana—Effective July 15, 1942.” 
Utility managements might ask: Are 
the terms of the ten-year-old rules 
of the Indiana Public Service Com- 
mission proper today in making sub- 
urban extensions? They are not ac- 
ceptable for two principal reasons, the 
same reasons that cause a majority of 
extension rules to be obsolete: 

1. An investment by the utility in 
meters, service pipes, and water main 
extensions equal to six times the reve- 
nue to be received cannot be substan- 
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tiated unless water rates are much 
higher—even double or triple the rates 
which have been based upon prewar 
operating or construction costs. 

2. Basing the extension on the cost 
of 4-in. pipe is generally unrealistic, 
inasmuch as 4-in. pipe should not be 
installed where fire hydrant service or 
further extension may be necessary in 
the future. To install a larger pipe 
without charging it against the people 
being served would be an obvious sub- 
sidizing of the suburban by the city 
residents. 


Utility Investments 


The water rates to be charged for 
suburban service have a definite bear- 
ing upon the investment the utility can 
make in suburban main extensions, or 
in items such as service lines and me- 
ters. An investment is warranted only 
if revenue to carry the investment in 
suburban facilities is received in ex- 
cess of the revenue necessary to carry 
the investment in facilities bringing the 
supply up to the beginning of the sub- 
urban extension. 

That water rates outside a city 
should be higher than water rates in- 
side a city is generally accepted. As 


the adequacy of water rates has an in- 


timate relationship to extension policy, 
a few of the factors concerning subur- 
ban rates should be mentioned : 


1. City rate schedules are based on 
cost of serving average customers, 
some located near the center of the 
city and some near the city limits; the 
suburban schedules apply to customers 
who are all outside the city limits, thus 
requiring a maximum of facilities. 

2. City rate schedules of municipal 
utilities usually contain no charges for 
facilities which have been paid for by 
tax assessment or by the application 


a 
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of surplus accumulation; new subur- 
ban customers have made no such pay- 
ments and their rates should be high 
enough to make up the difference. 

3. The interest rates to be applied 
against the investment provided by the 
city water users or taxpayers should 
not be the interest rate at which the 
city can borrow money, but should be 
the value of money to the individuals 
who paid for the facilities through wa- 
ter rates or taxes, probably an average 
of 6 per cent. Depreciation should also 
he included at 1.5 or 2 per cent. As the 
operation is a municipal one, no prop- 
erty or income taxes are involved. 


An analysis might show, for exam- 
ple, that the debt-free value of a mu- 
nicipal water works system is $150 per 
minimum customer. If the water rates 
were carefully designed, and showed 
that the minimum charge inside the 
city should be $12.00 per year, then 
the minimum charge outside the city 
should be at least $11.25 per year 
higher (7.5 per cent of $150 for in- 
terest and depreciation). The annual 
minimum bill should properly be even 
higher than $23.25 because the distance 
factor to the outside customer has not 
been added. In addition, the rates 
should be still higher if the utility is to 
make a water main extension for such 
a suburban customer, or is to maintain 
a water main installed at the cost 
of the suburban customer. 


Cost Factors 


The procedure involved in determin- 
ing the cost of a suburban extension 
should include the following : 


1. The cost of supplying water at 
the city limits, including customer 
costs, should be determined. This cost 
will normally be somewhat higher than 
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the amount resulting from the appli- 
cation of the city rate schedule. 

2. If the foreseeable suburban water 
load will not overtax the plant and 
transmission mains, a determination of 
the charge for the use of the facilities 
which have been financed out of wa- 
ter collections or taxes should be made. 
If suburban customers will require an 
enlargement of the plant or mains, 
however, the unit cost of these items 
at today’s higher prices must be figured. 
Such enlargement is the normal rather 
than the exceptional requirement. 

3. The percentage of revenue re- 
maining after deductions are made for 
the cost of supplying water and the 
annual cost for the system facilities be- 
ing used, or which must be ultimately 
installed, should be determined. These 
facilities are not limited to the water 
main extension, the service pipe, and 
the meter, but must include extensions 
of plant and primary mains which must 
ultimately be enlarged because of the 
addition of new customers. 

4. The amount of investment the 
utility can justify in an extension, in- 
cluding service pipe and meter if the 
utility is to supply them, can be de- 
termined by dividing the dollars re- 
maining by the annual charge for in- 
terest, depreciation, and maintenance. 
If 20 per cent of the suburban revenue 
remains and can be applied toward 
carrying the costs of extending service 
to a customer who will pay $30 per 
year, the utility might invest $75 in fa- 
cilities for extending service ($30.00 x 
0.20 + 0.08 = $75.00; interest—6 per 
cent ; depreciation—1.5 per cent ; main- 
tenance—0.5 per cent). This justifi- 
able investment must be divided be- 
tween the facilities to supply the new 
customer directly—main, service, and 
meter—and the indirect facilities— 
plant, primary mains, and other prop- 
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erty. If secondary mains, services, 
and meters equal 50 per cent of all 
property allocable to general service. 
then 50 per cent of $75.00, or $37.50, 
could be invested in direct facilities for 
the new suburban customer. This in- 
significant investment for a fair-sized 
customer, just one and one-quarter 
times his annual revenue, could result 
because of inadequate water rates. 


If 40 per cent of the revenue were 
available for expanding service, then 
$75.00, or two and one-half times the 
annual revenue, could be used to in- 
stall water main, service, and meter. 
Little could be used for a water main 
extension if a free service line and meter 
were to be furnished by the utility. 

There can be no general formula 
which will be applicable to suburban ex- 
tensions of all municipal utilities, just 
as no general extension rule can be 
equitably applied to all private utili- 
ties. Water rates, cost of service, and 
investments in plant and transmission 
mains are variables which are different 
for each utility operation, and all have 
an effect upon water main extension 
policy. It would be just as reasonable 
to say that every man should wear 9B 
shoes because more than half could 
wear that size. Each extension policy 
should be fitted to the utility operation. 

An extension rule which is equitable 
inside a city is probably not* equitable 
outside that city. Assume that a utility 
imposing a 75¢ per month surcharge 
for service outside the city had an ex- 
tension policy calling for an investment 
equal to four times the annual revenue 
of a new customer inside the city. If 
the extension formula were mathemati- 
cally applied, the utility could invest 6 x 
$9.00, or $54 more for a customer out- 
side the city than it could invest for a 
customer inside the city. This formula 
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would be unfair inasmuch as a large 
portion of the surcharge would nor- 
mally represent the added cost to sup- 
ply service, and very little would be 
available to support an extension. 


Pipe Size 


The size of pipe to be used in a sub- 
urban extension is a common prob- 
lem. Too often the suburban customers 
are allowed to install any size or ma- 
terial they wish, with the result that 
pressures become deficient, fire hy- 
drants cannot be connected, or the pipe 
quickly fails because of corrosion. The 
utility should insist upon full control 
over the installation including size, 
material, and ownership, even if all 
costs are paid by a customer or real 
estate promoter. If fire protection and 
probable further extensions are con- 
sidered, it would appear that suburban 
mains should normally be at least 6 in. 
in diameter. 

A provision for returning most of 
the cost to the promoter, if and when 
additional customers attach to an ex- 
tension, is desirable. This feature 
might be provided by charging a tap- 
ping fee for all services and returning 
the fees to the promoter, together with 
the investment, if any, the utility could 
make for each new customer. One 
municipal utility charges tapping fees 
of $150 for a 2- or 3-in. service, $200 
for a l-in., $250 for a 14-in., $300 for 
a 2-in. service, up to $2,000 for a 6-in. 
service. These fees are collected by 
the utility and paid to the promoter 
during the ten years after a suburban 
main is installed. Refunds, of course, 
do not exceed the original payment 
made by the promoter. This method 
distributes, in a fairly equitable way, 
the cost of suburban extensions among 
the persons being served. 
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Conclusions 

The increasing demand for exten- 
sions into suburban territory, together 
with today’s high costs of such ex- 
tensions, makes it imperative that ex- 
rules be revalued and rede- 
signed. Many rules which were equi- 
table ten or fifteen years ago are in- 
equitable today, particularly in their 
impact upon the pocketbooks of the 
Other rules were never 


tension 


old customers. 
properly designed, and today are seri- 
ously affecting the economic existence 
of both private and municipal utilities. 
Today many utilities and several util- 
ity commissions, however, are reex- 


POLICIES—-WEIR 


Jour. AWWA 


The elements of water main exten- 
sion policy have been discussed at 
length in water supply literature, and 
have been summarized by the American 
Water Works Assn. Committee on 
Water Main Extension Policy (1). 
With the aid of the knowledge avail- 
able on the subject, water works man- 
agements can effectively overhaul their 
extension policies so that new custom- 
ers, even in suburban territory, can be 
supplied water service at reasonable 
cost without placing undue burdens, 
through ever increasing rates, upon the 
old customers of the utility. 
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The writer has always found it diffi- 
cult to explain satisfactorily to any- 
one desiring water service involving a 
main extension what all the expenses 
are. When the distribution system is 
extended to provide for new customers, 
there are cost factors in addition to the 
cost of the extension itself which must 
be weighed against the revenue the new 
customers produce. These other cost 
factors are often overlooked or not 
given full consideration—one of the 
principal, if not the principal, reasons 
why so many water works systems 
are now municipally owned.  Fre- 
quently when property was originally 
constructed with private capital, the 
original owners either lost sight of 
these other expenses when extending 
the distribution system or were unable 


to finance such extensions properly. 
As a result, the privately owned utility 
found itself unable to meet the growing 
needs of the community, and acquisition 
by the muncipality rather than a sub- 
stantial increase in rates was the solu- 
tion. Had the rates been increased, 
the old customers would have had the 
burden of carrying the newer consum- 
ers. 

The writer agrees with the author’s 
reasoning that an old customer residing 
within the corporate limits has a pro- 
prietary interest in the municipally 
owned water works, and that this in- 
terest should be protected so that he 
will not have to pay higher rates to 
help support the extension of the mu- 
nicipality’s system into areas outside 
the corporate limits. The old customer 
can be protected, not by refusing to 
extend into suburban areas, but by 
properly financing such extensions 
through the recognition of all the costs. 
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Cost Elements 


The importance of knowing what 
elements of cost enter into a main ex- 
tension for a municipally or privately 
owned water works system cannot be 
overstressed. Undoubtedly every wa- 
ter works man knows that, along with 
the growth of the distribution system, 
other parts of the plant must also grow. 
But knowing is not enough. It is the 
writer’s belief that the water works 
management has frequently failed to 
sell this fact convincingly to prospec- 
tive customers requiring extensions and 
to regulatory bodies which have juris- 
diction over this aspect of a utility’s 
operation. It is too bad that pumps, 
filters, basins, and other supply facili- 
ties do not come in small pieces and 
that they are not required additions to 
the system as mains are extended. 
The total and true cost of adding cus- 
tomers by main extensions would then 
become more apparent. The problem 
lies in the difficulty of recognizing and 
giving the proper weight to these other 
facilities, such as pumps and _ filters, 
when working out the financial terms 
for a main extension. For any grow- 
ing utility, expenditures for plant will 
have to be made from time to time. 
To simplify the recognition and inclu- 
sion of these other costs in a main ex- 
tension, a formula could be applied: 


(A—AD)C 

X = R 
in which X equals the amount, in dol- 
lars, that can be spent on a main exten- 
sion for the gross revenue, A, that is 
estimated to be available from the ex- 
tension. The letter > is the operating 
ratio of the utility—the percentage of 
total gross operating revenues that is 
spent for all operating expenses ex- 
cept the cost of borrowed money. C 
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is also a percentage figure, and should 
represent that part of the total plant 
that is invested in pipelines. K repre- 
sents the rate of return desired, or the 
earnings needed, expressed as a per 
cent of the total investment neeeded 
annually to cover the cost of borrowed 
money. This formula can be applied to 
the author’s example. 

An extension of main is needed to 
procure a new customer who will pro- 
vide an estimated revenue of $30.00 
per year. How much can the utility 
invest for this revenue? The utility 
spends 60 per cent of its gross operat- 
ing revenues on operating expenses, 
and its investment in mains is 40 per 
cent of its total investment in plant and 
property. Then: 


( 
X 


For a rate of return of 6 per cent, the 
utility can, therefore, spend $80.00 for 
a customer who will yield $30.00 in 
revenue. 

Looking at this formula from an- 
other angle, the > factor reduces the 
available income from the new cus- 
tomer to the remainder after operating 
expenses, and the C factor again re- 
duces the revenue to the amount that 
is available to support the utility’s in- 
vestment in the main extension. Dji- 
viding the reduced available earnings 
by R produces the amount the utility 
can afford to spend on the extension. 
By spending this amount and no more, 
the utility will preserve enough of 
the added revenue to finance the cost of 
other facilities which will be needed 
immediately, or at some later date, for 
this added customer. The writer be- 
lieves that the factors making up this 
formula are self-explanatory and readily 
available to all water works managers. 


j 
30 X 0.60)(0.40) _ | | 
0.06 
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If the utility not only extends its 
mains but also installs the service line, 
meter, and other service line appurte- 
nances, the formula is still applicable, 
In arriving at the value for C, how- 
ever, the total investment in mains, 
service lines, meters, and other ap- 
purtenances, or whatever is actually 
installed for a new customer, should 
be related to the total investment in all 
facilities. The value for C would be 
nearer unity than it would be if only 
the cost of mains were considered, and 
would permit a greater investment in 
dollars for a new consumer. This does 
not necessarily mean that a greater 
number of feet of main could be in- 
stalled, however. 


Pipe Size 


Another problem in main extension 
policy is the size of pipe. Many times 
a manager of a water works utility is 
confronted with the problem of asking 
one developer to finance the cost of a 
small-diameter main while at the same 
time he has to require another devel- 
oper to finance a large-diameter main. 
This situation arises when the growth 
possibilities beyond the developments 
in question vary materially. The 
writer feels that the equitable solution 
for such a predicament would be to re- 
quire each developer to finance an ex- 
tension on the basis of the same pipe 
size, regardless of the size actually re- 
quired. This same pipe size could be 
the weighted average pipe size of the 
distribution system, a figure which could 
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be varied to fit recent changes in main 
extension policies or recent experiences 
in the sizes of mains installed. The 
main objective is to treat all developers 
on the same basis and to have the 
total of financing for a year truly repre- 
sentative of the cost of the various size 
mains installed. 

Having arrived at the weighted 
average pipe size, the next step is the 
pricing of this average size. It would 
be simple if a distribution system had 
a weighted average pipe size of, for 
example, 6 or 8 in., as then the actual 
current cost of installation could be 
used. If, however, the average pipe 
size turns out to be 7 in., the current 
installed cost of various size mains 
could be plotted against the square of 
their diameters. The writer has found 
that such a curve is almost a straight 
line and, therefore, it is a simple matter 
to arrive at a price of a weighted aver- 
age pipe size. It would only be neces- 
sary to locate the point 49 (7 squared) 
on the curve and find the correspond- 
ing unit price. This hypothetical unit 
price for calculating the costs of all 
main extensions would place the financ- 
ing of all main extensions on the same 
basis in so far as the cost of the pipe 
is concerned. The actual amount ot 
pipe the utility could afford to install 
under such a plan would, of course, de- 
pend on the additional revenue avail- 
able, and would be determined by first 
ascertaining the dollar amount it could 
invest for the added revenue, and then 
dividing by the hypothetical unit price 
figure. 
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Use of Magnesium Anodes in Cathodic Protection 
of Tanks and Pipelines 


By L. E. Magoffin 


A paper presented on Oct. 25, 1951, at the California Section Meeting, 
San Francisco, Calif., by L. E. Magoffin, Asst. Engr., California Water 
é& Telephone Co., National City, Calif. 


HE corrosion of metallic structures 

in the water works industry has 

been a serious and costly problem for 

many years. The annual loss in pipe- 

lines alone has been estimated at $200,- 

000,000. Of the many methods of cor- 

rection applied to this problem, one of 

the most successful has been cathodic 
protection. 

Several methods of applying cathodic 
protection have been devised, among 
them being use of the galvanic anode. 
Galvanic anodes were first introduced 
by Sir Humphry Davy in 1823, when 
he suggested the use of zinc anodes for 
the protection of ship bottoms. Since 
that time, many metals have been used, 
with magnesium being among the most 
successful for mitigating steel corrosion. 

It has long been known that when 
two dissimilar metals are placed in a 
common electrolyte and connected elec- 
trically, a current will flow between 
them. Such a system is known as a 
galvanic cell. Every metal has a defi- 
nite tendency to dissolve, or go into 
solution, when placed in a given electro- 
lyte. This tendency is technically re- 
ferred to as a solution potential. When 
two metals having different solution 
potentials are connected in a common 
electrolyte, the metal with the greater 
potential will dissolve preferentially 
and, in so doing, will inhibit the solu- 
tion of the metal having the lesser po- 


tential. Electrochemically, the ions lib- 
erated by the dissolving particles of the 
metal having the higher solution po- 
tential (the anode) form an electric 
current which flows through the electro- 
lyte to the metal having the lower solu- 
tion potential (the cathode). This cur- 
rent acts to inhibit the solution of the 
metal to which it is flowing and thus 
cathodically protects it. The greater 
the difference in solution potential be- 
tween the two metals, the greater will 
be the current flow between them. 
Magnesium has the greatest solution 
potential of all commercially available 
metals, thus making it ideal for cathodic 
protection use (1). 


Application of Magnesium Anodes 


In 1946 a cathodic survey was made 
on three large transmission mains of 
the California Water & Telephone Co. 
From the survey, it was learned that 
much could be accomplished toward 
mitigating corrosion on these mains by 
cathodic protection. 

Several rectifier type cathodic sta- 
tions were installed on these mains with 
excellent results. It was soon realized, 
however, that the entire length of the 
mains could not be protected with recti- 
filer type stations because of the highly 
developed residential areas they tra- 
versed. Lack of locations for anode 
beds and underground pipelines of other 
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utilities made it necessary to look for 
some other means of cathodic protec 
tion. Magnesium anodes seemed to be 
the logical answer. 

The first magnesium anodes were in- 
stalled on 735 ft of 30-in., No. 10 gage 
riveted-steel pipe laid in 1922 in “E” 
Street in Chula Vista, Calif. The pipe 
had one layer of asphalt-felt| wrap. 
Upon examination, the wrap was found 
to be in very poor condition. For pur- 
poses of design, the pipe was estimated 
to be 35 per cent bare. From the sur- 
vey made in 1946, the current require- 
ment was estimated at 1.16 ma per sq ft. 
Under given conditions, the estimated 
output per anode was 180 ma. It may 
he computed from the equation : 
pipe surface area X current density 

current flow per anode 
=number of anodes required 


that twelve anodes would be required 
to bring the pipe-to-soil potential to 
— 0.85 v measured to a Cu-CuSO, 
electrode. 

Twelve 8-it holes were augered at 
60-it intervals at right angles to the 
pipeline and 10 ft from it. A 32-Ib 
magnesium anode packaged with spe- 
cial backfill material was placed in each 
hole and was connected to the pipeline 
with a No. 10, insulated, copper wire 
preattached to the anode. Split-bolt 
connectors were placed in the lead 
wires for testing purposes. 

A pipe-to-soil potential and current- 
output survey was made after all the 
anodes were installed. The average 
output per anode for the entire instal- 
lation was 180 ma. The average pipe- 
to-soil potential was — 0.408 v before 
protection and — 0.726 vy after the in- 
stallation was completed. Potential 
measurements were made with a po- 
tentiometer, and current measurements 
were made with a milliameter. 
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Field tests have indicated that, un- 
der normal conditions, approximately 
500 amp-hr will be realized per pound 
of magnesium (2). On this basis, a 
32-lb anode such as was used in this 
installation, draining at the rate of 180 
ma, will have a ten-year life. 


Another Installation 


In the early part of 1951, a visual in- 
spection of a 10-in. bare steel main in 
Cleveland Avenue and 15th Street in 
National City, Calif., was made. The 
total length of pipeline was 1,064 ft. 
This main was laid in 1943 by a ship- 
building company, with no particular 
attention being given to protection of 
the main from corrosion. The main 
was later acquired by the California 
Water & Telephone Co. Severe cor- 
rosion was noted during the inspection 
which was made at various easily ac- 
cessible points along the main. 

Soil conditions varied from adobe 
clay to dredged sand with salt water 
sloughs. Soil resistance ranged from 
1,000 ohms per cucm to 250 ohms per 
cucm. Pipe-to-soil potentials ranged 
from — 0.385 v to — 0.450 v. 

The mechanics of installation of a 
cathodic protection station here were 
complicated by surface structures such 
as railroad tracks, high industrial 
fences, and other obstructions, as well 
as by the underground pipelines of 
other utilities. Again, magnesium 
anodes seemed to be the logical answer 
to the problem. 

As in the “E” Street installation, an 
estimated current density of 1.16 ma 
per sq ft of pipe was used. Under given 
conditions, the estimated output per 
anode was 280 ma. From the above 
equation, it may be computed that 
twelve anodes would be required to 
bring the pipe-to-soil potential to 
— 0.85 v. 
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Twelve 50-lb anodes were installed 
in the same manner as those on the “E” 
Street installation. The 50-lb anodes 
were used to obtain as long a life as 
possible in the low-resistance soil. On 
the basis of 500 amp-hr per pound of 
magnesium, the anodes, draining at the 
rate of 280 ma, will have a life of ap- 
proximately ten years. 

A pipe-to-soil potential and current- 
output survey was made in July 1951. 
The average output of the anodes lo- 
cated in sloughs and dredgings was 
395 ma, 115 ma more than the antici- 
pated output, whereas the output of 
the anodes located in clay and adobe 
soil was 230 ma, 50 ma less than ex- 
pected. This difference was apparently 
caused by changing soil resistivity. 
The average pipe-to-soil potential was 


~ 0.83 v. 


Protection of Tanks 


Magnesium anodes have been used 
successfully for the mitigation of cor- 
rosion on the inside 
steel tanks (3, 4). 
of cathodic protection on steel tanks, 


and outside of 


The basic design 


either inside or outside, is similar to 
that for steel pipelines. Several fac- 
tors which are not encountered in the 
design of stations on subsurface struc- 
tures, however, must be faced. 
of them are: 


Some 


1. Precise location of anodes on the 


inside of tanks. Anodes must be prop- 
erly spaced inside a tank to obtain 
necessary current distribution on all 
exposed surfaces. 

2. Weight. Anode weight loads, 
when suspended from the roof of a 
tank, must be carefully controlled. 

3. Varying resistances of waters in 
water storage tanks. In many water 
distribution systems, several sources, 
the waters of which have a consider- 
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able difference in resistance, are used. 
When designing a cathodic protection 
system, the most adverse possible con- 
dition must be used as the basis of 
computations. 

4. Static water level inside tanks. li 
the water level does not remain in con- 
tact with the anodes long enough for 
polarization to take place on the ex- 
posed surfaces of the tank, little can be 
accomplished with cathodic protection. 

In September 1950, a bolted-joint, 
steel water storage standpipe was in- 
stalled in National City, Calif. The 
tank was 16 ft high and 213 ft in 
diameter. The inside of the tank was 
painted with one coat of red lead paint. 
Owing to the corrosiveness of the wa- 
ter, cathodic protection was planned 
from the beginning. 

Rectifier type cathodic protection 
with platinum and carbon anodes had 
been used in water tanks in the area 
with good results. Magnesium anodes 
had been considered but, because of lack 
of information and experience, had not 
been used before this tank was in- 
stalled. The tank was small and the 
initial investment, therefore, would be 
low. If magnesium anodes proved un- 
satisfactory, little would be lost, and 
good experience would be gained. On 
this basis, magnesium anodes were in- 
stalled. 

From previous experience, a current 
density of 1 ma per sq ft was used to 
estimate the current requirement. The 
water resistance was 961 ohms per cu 
cm. Table 1 gives a chemical analy- 
sis of the water. Six sections of 1,315- 
in. diameter iron-core, magnesium rod, 
13 ft long, were used for anodes. The 
spacing of the anode rods is shown in 
Fig. 1. Under given conditions, 225 
ma output per anode could be ex- 
pected. Each anode rod had a weight 
of 16.5 Ib. On the basis of 500 amp-hr 
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per pound of magnesium, the anodes TABLE 1 
should have a life of approximately Chemical Analysis of Water in Tank 
four years. at National City, Calif.* 


To date, no attempt has been made ~~ | 


to measure the output of the anodes. ae. 
On July 6, 1951, however, the tank was —————_____—— |— - 
drained, and a visual inspection of the 74vimetric Analysis | om 
interior was made. The red lead paint Silica | 209 
was found to be in very poor condi- Iron (0.3 
; tion. In many places it had completely Manganese : 
sloughed off, leaving the bare metal 
Boron 
Carbon dioxide | 8 
H Calcium | 38 
Magnesium 23 
Sodium & Potassium | 167 
| Bicarbonate | 297 
Carbonate 0 
Chloride 183 
Sulfate 52 
Nitrate 0 
Total solids 630 
i Total hardness as CaCO; 189 
Carbonate hardness as CaCO, 189 
5 Noncarbonate hardness as 
3 CaCOs (Negative) 54 
Reacting Values 
| Calcium | 1.897 
4 M si 1.892 
' Fig. 1. Spacing of Magnesium Anodes in sc 7.337 
Tank at National City Bicarbonate 4.868 
The anodes were made of 1.315-in. Carbonate 0 
diameter, tron-core, magnesium rods. Chloride 5.175 
Each rod weighed 16.5 lb. Sulfate 1.083 
Nitrate 0 


exposed, but no evidence of corrosion (Concentration value—milli- 
was found, and the steel surface was in equivalents 22.252 
perfect condition. In some areas, a 7 ; 


Properties 


thin, white film had deposited on the 

surface of the steel. The magnesium Electrical conductance, 

rods were in good condition, with a (KX 10° at 25C) . | 104 

small amount of corrosion evident. — seca | 78 
All the installations mentioned in eis sadex at 20C 0.0 

this discussion were made by regular Sodium —per cent | 65.9 


pipeline crews with no special train- 


ing. Table 2 gives a cost comparison *Water taken from National City well No. 1 on 


August 6, 1951. 
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TABLE 2 


Comparison Between Cathodic Protection of 
Tanks With Rectifiers and With 
Magnesium Anodes 


Magne- 
| sium 
Station 


Rectifier 


Item Station 


Output, amp 

Estimated life, yr 

Total cost 

Annual capital charges: 
Interest at 6% 
Taxes at 14°, 
Depreciation 


Total 
Maint. and operation: 
Inspection 
Maintenance 
Power 
Total 


Total annual cost 


Area protected, sq ft 
Cost per 100 sq ft per yr 
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TABLE 3 
Comparison Between Cathodic Protection of 
Pipelines With Rectifiers and 
With Magnesium Anodes 


Magne- 
sium 
Station 


Rectifier 


Item Station 


Output, amp 38.00 
Estimated life, yr 40 
Total cost $1,924.00 


Annual capital charges: 
Interest at 6% 
Taxes at 13% 
Depreciation 


Total 


Maint. and operation: 
Inspection 
Maintenance 
Power 


Total 
Total annual cost 


Area protected, sq /t 


Cost per 100 sq ft per yr \$ 1.42 


between cathodic protection of tanks 
with rectifier stations using carbon 
and platinum anodes and cathodic pro- 
tection of tanks using magnesium 
anodes. ‘Table 3 offers a cost com- 
parison between cathodic protection of 
pipelines with rectifier stations using 
steel railroad rail anodes and cathodic 
protection of pipelines using magne- 
sium anodes. These tables were devel- 
oped on the basis of experience in the 
area covered by this discussion. 


Conclusions 


Although the overall cost of magne- 
sium for cathodic protection has proved 
slightly higher than that of rectifier 


type cathodic protection, as shown in 
Tables 2 and 3, its ease of handling and 
adaptation have more than offset the 
additional cost. In areas where power 
is not available or rights-of-way are 
difficult to obtain, magnesium pro- 
vides a good means of cathodic protec- 
tion. Although magnesium is limited 
to low-resistance electrolytes, many of 
the soils and waters in California are 
of low enough resistance to make its 
use possible. 

Cathodic protection of tanks with 
magnesium, although considerably 
higher in cost per square foot, often ap- 
pears justified because of its light 
weight and ease of handling. Where 


411 
1.35 5.00 
| 4 40 
| $85.00 | $680.00 
| $ 5.00 | $ 41.00 $ $115.00 
| 27.00 68.00 | 70.00, 192.00 
10.00} 21.00 | 42 21.00 
| 15.00 130.00 
, | — 28.00 | — 127.00 
| 10.00 | 64.00 | 12.00} 278.00 
| $37.00 | $132.00 82.00} $470.00 ; 
| 1302) 5497 | 5,770] 74,606 
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roof loading of tanks or suspension is 
a problem, magnesium is greatly ap- 
preciated. A two-man crew can usu- 
ally make the complete installation. 

Although —0.85 y is the commonly 
accepted pipe-to-soil potential, it is of- 
ten not economically feasible to main- 
tain a potential this high. Many pipe- 
lines such as those mentioned in this 
article were old and seriously corroded 
before protection was installed. Al- 
though the computations were based 
on a pipe-to-soil potential of — 0.85 v, 
the actual potential was less than an- 
ticipated. This factor has been attri- 
buted to the unusually dry period 
which has prevailed in southern Cali- 
fornia since these installations were 
made. 

If it is found, after installation of 
magnesium anodes, that the desired 
potential has not been reached, it is a 
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fairly simple process to compute the 
number of additional anodes required 
to bring the line to the desired poten- 
tial. If, however, the potential is too 
high, resistors can be placed in the 
anode lead wire of the necessary value 
to bring the line to the desired potential. 
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Corrosion and Cathodic Protection of Pipelines 
By W. R. Schneider 


A paper presented on Oct. 25, 1951, at the California Section Meeting, 
San Francisco; Calif., by W. R. Schneider, Asst. Engr., Bureau of 
Tests and Inspection, Pacific Gas & Electric Co., Emeryville, Calif. 


HIS discussion of corrosion will be 
confined to the installations of 
continuous steel pipelines under water 
or in soil at normal soil temperature. 
The corrosion of underground me- 
tallic structures at normal temperature 
is explained satisfactorily by the elec- 
trolytic theory. An electric current 
leaving a metallic surface to enter the 
soil or water electrolyte with which 
the surface is in contact will cause a 
loss of metal at the point of departure 
the ‘anodic area.” The surface on 
which the current reenters the metal, 
known as the “cathodic area,” will 
show little or no sign of corrosion. 
These anodic and cathodic areas may 
be separated by only a small fraction 
of an inch, causing the individual pits 
characteristic of local corrosion, or 
they may be many miles apart, caus- 
ing “long-line” current to flow in the 
pipe. 

Local currents are caused by such 
differences, in the metal surfaces of 
two adjoining areas, as those in crys- 
tal size, strain, weld, contact with dis- 
similar metals, carbon or coke; and in 
the soils or water with which the sur- 
faces come in contact, as those in salts, 
concentrations of salt, types of soil, 
presence of minerals, and concentra- 
tions of air and oxygen penetrating 
the soil. Conditions producing local 
corrosion are shown in Fig. 1. 


Long-line currents are found in 
pipelines crossing two or more types 
of soil, which, in addition to having 
natural differences of potential, may 
contain different amounts of moisture, 
dissolved salts, minerals, oxygen, or 
other materials. This condition is 
found in irrigated fields adjoining 
grazing lands, pipes laid partly under 
open fields and partly under paved 
areas or from an open field to a sub- 
marine crossing, as shown in Fig. 2. 

Only comparatively small long-line 
currents are carried by cast-iron pipes 
with bell-and-spigot type couplings, 
sealed with oakum, lead, cement, or 
sulfur, because of the high electrical 
resistance of these jointing materials. 
Thus, the failure of cast-iron pipe is 
generally considered “local corrosion.” 

The corrosive areas along a pipe- 
line may be located by various meth- 
ods, including: soil resistance tests; 
pipe-to-soil potential tests; pipeline 
current tests; soil-surface potential 
tests; and earth current tests. 


Soil Resistance Test 


Soil resistances are measured by ob- 
taining soil samples at pipe depth at 
various points along the line and 
measuring the specific resistance with 
a standard soil box or in a Putnam 
(1) block. The four-electrode method, 
requiring a voltmeter and ammeter, a 


413 


{ 
7 


414 W. R. SCHNEIDER 


megger (megohmmeter), or a Mc- 
Collum earth current meter,* is used 
to determine the average soil resist- 
ances at various depths by means of 
surface measurements. 

Soils are grouped in four classes of 
corrosivity according to their specific 
resistances, as shown in Table 1. Low 
resistance soils generally indicate the 
presence of moisture and soluble salts. 
If the pipe is bare or if its coating is 
poor or defective, corrosion will re- 
sult if the pipe potential is higher than 
that of the contiguous soil. 

When soil resistance tests are made, 
the type of soil must be noted. A 
compact colloidal formation—such as 
clay, adobe, or gumbo—may have a 


TABLE 1 
Classification of Soils by Corrosivity 
Class Corrosivity 
1 More than 5,000 Little or none 
2 1,000 to 3,000 Mild 
3 500 to 1,000 Moderate 
4 Less than 500 Very 


comparatively high specific resistance, 
but, because a lesser amount of air 
and oxygen can penetrate to the sur- 
face of the pipe, it produces a more 
corrosive condition than many other 
layers of lower resistance soils. 

Resistance, actually, is only one of 
the soil characteristics that influence 
the underground corrosion of metals. 
The amount of current discharged 
from a pipe is also influenced by the 
resistance of the pipe wrapping and 
the potential of the pipe. 


Pipe-to-Soil Potential Tests 
The pipe-to-soil potentials are meas- 
ured with a high resistance voltmeter 


* The McCollum meter is described under 
“Earth Current Surveys,” p. 417. 
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or a potentiometer connected between 
the pipe and a copper sulfate or other 
electrode placed close to the pipe. The 
potential gradient between a copper 
sulfate electrode and a steel pipe that 
is neither collecting or discharging 
current into the soil has been found 
to vary from 0.49 v to 0.76 v, a fair 
average value being 0.60 v. This po- 
tential is ordinarily accepted as a 
basis for determining the polarity of 
a pipe relative to the surrounding 
soil (2). 

The pipe-to-soil potentials indicated 
by the voltmeter are a combination of 


Stressed Metal 


Impurities 


Differential Aeration External Contact 


Dissimilar Metals 


Fig. 1. Conditions Which Produce 
Local Corrosion 


the iron-to-copper sulfate galvanic 
couple and the unknown contact po- 
tential between the copper sulfate and 
the particular type of soil at the test 
location, the drop of potential in the 
soil between the pipe and electrode 
caused by a current flowing to the pipe 
or across country, and the polariza- 
tion potential of the pipe. When the 
potential measured to a copper sulfate 
electrode is less than 0.60 v it is as- 
sumed that the pipe is discharging a 
current into this soil. If the potential 
is greater than 0.60 v, the assumption 
is that the pipe is collecting current 
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from the soil. If a potential of 0.85 v 
or more is found, it is assumed that 
corrosion has been eliminated entirely 
by the current received through the 
electrolyte. 

The existence of a pipe-to-soil po- 
tential does not necessarily indicate a 
corrosive condition. The resistance 
between the pipe and soil may be very 
high because the pipe insulation and 
the dryness of the soil prevent the 
flow of a current, the meter merely 
indicating the potential of the local 
galvanic couple produced by the tem- 


Fig. 2. Types of Long-Line Currents 


porary presence of the copper sulfate 
electrode near the steel pipe. 


Measurement of Pipeline Currents 
The direction and magnitude of the 
current flowing in a pipeline can be 
found, for the purpose of determining 
the corrosive areas, by measuring the 
drop of potential over a given length 
of pipe—usually 100 to 500 ft—with 


a voltmeter or potentiometer. The 
current is then calculated from the 
known resistance or weight of the 
pipe (2). 

The most satisfactory method of 
connecting the copper potential leads 
to a pipe is by riveting the copper wire 
into a 7y-in. hacksaw groove under a 
lip raised with a cold chisel, or by 
welding the lead to the main. The 
connection should always be covered 
with several shovelfuls of soil to avoid 
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the creation of thermal potentials on 
the meter circuit. The use of contact 
points and probe rods of various kinds, 
in addition to the thermal potentials, 
introduces galvanic potentials created 
by an unnoticed film of moisture, soil, 
or other foreign matter between the 
apparently clean contact points and the 
steel pipe. 

When the weight of the pipe is un- 
known, due to the loss of original rec- 
ords, later unrecorded repairs and re- 
newals, or use of various available 
sizes due to material shortages, tests 
are made to determine the resistance 


4 Pipe 
Diameters 
= 
Electrode | 


Fig. 3. Hering Divided Circnit for Deter- 
mining Pipe Resistance 


4 Pipe 
Diameters 


of the pipe by the Hering method (3) 
shown in Fig. 3. The difference in 
the fall of potential over a known 
length of pipe before and after a meas- 
ured current is sent through the line 
from an outside source (such as a bat- 
tery), when divided by the superim- 
posed battery current, will give the 
resistance of the pipe between the 
voltmeter connections on the pipe. 
The pipeline currents are plotted as 
shown in Fig. 4. Any decrease of 
current in the direction of its flow in- 
dicates a discharge to the surrounding 
soil, proper allowances being made for 
all service connections, branch lines, 
and accidental contacts in the tested 
area. In Fig. 4, the portions of the 
line between B and C, and between E 
and D are losing current and require 
further investigation for the applica- 
tion of protective measures. These 
anodic portions are usually in such 
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areas as irrigated lands, rice fields, 
swamps, under streams, former tide- 
lands, clay formations, and under 
pavements. The portion of the line 
collecting current from the soil, which 
is generally the current discharged in 
the corroding areas, may be on higher 
ground, grazing land, orchards, grain 
fields, and other comparatively dry 
areas. 


Potential Gradient Survey on Soil 
Surface 
A method of locating anodic or cor- 
roding areas on a pipeline by measur- 
ing the potential drop on the surface 


North 


Ipirection of Current 


Amount and Direction of Current Flow 
(amp) 


++ 
| | Pipeline 
| 
AB c D E F 
8 
Fig. 4. Plot of Pipeline Currents 


Losses of current are shown between 
Points B and C and Points E and D. 


of the soil along the line has been de- 
scribed by O. C. Mudd (4). The po- 
tential drops measured are caused by 
the actual corrosive current flowing 
in the soil and are not merely indica- 
tions of “possible” corrosive areas in- 
dicated by the pipe-to-soil potential 
tests or by soil resistance tests. 

In the soil surface test, the poten- 
tial drops are measured between a 
series of points on the pipe, approxi- 
mately 1,000 ft apart, and copper sul- 
fate electrodes placed on the surface 
of the soil directly above each point. 
The potential gradients caused by the 
current flowing in the soil from the 
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anodic to the cathodic areas are then 
measured on the surface of the soil 
above the main between two copper 
sulfate electrodes spaced at intervals 
of approximately 100 ft. These sur- 
face gradient increments are added to 
the initial pipe-to-soil potential found 
at each original station. The poten- 
tial indicated at each surface test loca- 
tion is the pipe-to-soil potential caused 
by the current flowing in the soil be- 
tween the two portions of the pipe 
surfaces. It is not necessary to make 
contact with the pipe at the intermedi- 


Fig. 5. Diagram of McCollum Earth 
Current Meter 
Application of instrument to measure the 
soil current flowing to and from pipe is 
shown. 


ate points. When these values are 
plotted as a potential profile, they will 
show a decided peak at the anodic por- 
tions of the line. At such places the 
spacing of the electrodes can be re- 
duced from 100 ft to 4 or 5 ft or less, 
making it possible to locate the center 
of a discharging area within a few feet. 

The advantages claimed for this 
type of test are that less- time and la- 
bor are required to cover a given 
length of line and that the accuracy is 
greater than that attained by other 
methods. Certain precautions are re- 
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quired to avoid errors previously men- 
tioned as likely to be incurred when 
copper sulfate electrodes are used in 
soils of varying types. 


Earth Current Surveys 

Surveys of the current flowing in 
the soil, to or from a pipe, are made 
with the McCollum earth current me- 
ter developed by the National Bureau 
of Standards, Washington, D.C.* 
This instrument consists of a high re- 
sistance millivoltmeter with two cop- 
per sulfate electrodes, a milliammeter, 
two copper electrodes, a battery, and 
a commutator for reversing the direct 
current. Schematically, the applica- 
tion of this instrument to measure the 
soil current flowing to or from a pipe 
is shown in Fig. 5. The millivoltme- 
ter measures the current flowing in 
the soil by measuring the potential 
drop between two copper sulfate elec- 
trodes, 44 or 9 in. apart. This read- 
ing 1s converted to milliamperes per 
square foot of pipe surface by compar- 
ing it with the reading obtained when 
a known current from a battery is sent 
through the soil. 

When the pipe-to-soil currents are 
measured along a bare pipeline, the 
readings will give the correct values 
and locations of the anodic and ca- 
thodic areas and the severity of the 
corrosion, from which information the 
probable time of the pipe failure can 
be calculated. Earth current readings 
taken by placing the McCollum elec- 
trode against the wrapping on a 
wrapped line will be low in value, and 
a number of readings will be required 
in each excavation because of the non- 
uniformity of the resistance of the 
usual coatings. Most of the wrap- 
pings in moist soil or in water for a 


* Manufactured by the Rawson Electri- 
cal Instrument Co.. Cambridge, Mass. 
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number of years will absorb enough 
moisture to produce many compara- 
tively low resistance areas, but tests 
on or through a wrapping will not 
indicate the severity of the corrosion 
that may exist at some other place 
where the coating has been injured 
or stripped off during installation. 
To determine the maximum current 
flow from a pipe at a bare spot in a 
given area, under conditions similar 
to those existing at the time of the 
test, a portion of the wrapping may 
be removed, the pipe thoroughly 
cleaned, soil from the excavation at 


To McCollum Meter 
Pipe Covering 


Bare Pipe Surface 


Fig. 6. Earth Current Measurement at 
Bare Spot on Pipe 
To simulate actual conditions, wrapping 
has been removed, pipe thoroughly cleaned, 
and soil from excavation at pipe depth 
packed against bared metal. 


pipe depth packed against the bared 
metal, and the earth current electrode 


placed as shown in Fig. 6. The re- 
sults of the earth current meter test 
made on the pipeline shown in Fig. 4 
are plotted in Fig. 7. 


Protective Methods 


The flow of corrosive current can 
be reduced or prevented by interrupt- 
ing the continuity of the electric cir- 
cuit, either in the pipe or between the 
pipe and soil. Long-line currents can 
be reduced by the introduction of in- 
sulating fittings in the line between 
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the anodic and cathodic areas when 
this boundary is at a fixed location 
such as a river bank. When placed at 
locations other than at a definite and 
fixed boundary between the anodic 
and cathodic areas, however, insulat- 
ing couplings usually cause severe cor- 
rosion iminediately adjacent to the in- 
sulating flanges unless a drainage re- 
sistance bond is installed to equalize 
the potential on both sides of the in- 
sulated fitting. 

The circuit can be broken between 
the pipe and soil by insulating the 
main with various materials available 
for this purpose. This will reduce the 
local corrosion and, to a large extent, 
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Fig. 7. Results of Earth Current Meter 
Test on Same Pipeline as Used for Test in 
Fig. 4 


the effects of the long-line currents. 
Coatings used for this purpose are 
made of asphalt and coal-tar and of 
various types of fabrics impregnated 
with these materials. For very cor- 
rosive environments heavier coatings 
are used, such as the various types of 
“mastic.” Concrete coatings are used 
on water lines on many systems for 
both internal and external protection 
of steel pipes. 

The desirability of applying electric 
protection requires a comparative 
study of the costs of the various other 
methods of protecting the line, such 
as rewrapping or removing the line to 
a new location. The cost of maintain- 
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ing an old line may be excessive be- 
cause of the location and distance over 
which new material, men, and equip- 
ment must be transported; construc- 
tion difficulties if the line is under 
pavement, buildings, swamp lands, or 
is part of a submarine crossing; or 
intangibles, such as interference with 
traffic and business, and the possible 
loss of the public good will, if the work 
must be carried out in a business dis- 
trict. A diagram showing schemati- 
cally the method of applying electrical 
protection to a pipeline is shown in 
Fig. 8. 


BY 


Fig. 8. Method of Applying 
Cathodic Protection 


Electric Protection 


The first requirement for the in- 
stallation of any type of electric pro- 
tection is a determination of the cur- 
liamperes per square foot of bared pipe 
surface in the soils or waters of vari- 
ous resistances to neutralize the detri- 
mental effects of the discharged long- 
line currents as well as the local cor- 
rosion of the soil. The required cur- 
rent density is given by the empirical 
equation : 

1,000 
r 


i= 


in which ; is the current required for 
complete protection of the pipe, in mil- 
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liamperes per square foot of bared pipe 
surface ; and r is the specific resistance 
of soil, in ohms per cubic centimeter, 
as determined from a sample taken at 
pipe depth. This equation, which in- 
cludes a factor of safety of 3, is based 
on a series of laboratory tests on salt 
water at 18 C, ranging in resistance 
from sea water of 22 ohms to 5,000 
ohms per cucm. These currents are 
measured on a McCollum earth cur- 
rent meter as described in the fore- 
going pages. A steel pipe is generally 
assumed to receive full electrical pro- 
tection when the potential to a cop- 
per sulfate electrode is 0.85 v or 
greater. 

The test electrode should be placed 
in contact with a soil stratum at the 
level of the bottom of the pipe. This 
is the undisturbed formation on which 
the pipe was installed and, under a 
large main, contains more moisture 
than the upper layers of soil. The 
pipe-to-soil potential indications may 
give erroneous information because of 
the various unknown potentials pre- 
viously mentioned. As noted in the 
bulletin of the National Bureau of 
Standards (5) “such measurements 
often given erroneous indications as to 
whether a pipe is discharging or receiv- 
ing current from the earth.” The same 
statement applies to potential readings 
taken from pipe to soil when electric 
protection is applied. 

The second step in the installation 
of electric protection is to determine 
by test the amount of current, /, that 
must be impressed on the pipe through 
the soil from a given d-c source to 
obtain the minimum required current 
per square foot of exposed pipe sur- 
face at the limits of the corrosive area, 
as determined by the soil resistance 
tests. Current from the positive ter- 
minal of a battery or portable genera- 
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tor is passed through an ammeter to 
a temporary ground rod, or bed of 
ground rods, located 100 ft or more 
from the pipe, from which it travels 
through the soil to the pipe, and re- 
turns to its source through a cable con- 
necting the pipe to the negative ter- 
minal of the battery. The current is 
increased until the earth current me- 
ter shows that full protection is being 
received over the required length of 
pipe. 

The next step is the selection and 
design of a suitable anode—those most 
commonly used being steel, carbon, 
and the galvanic electrodes, such as 
zinc, aluminum, and magnesium. An- 


Fig. 9. Horizontal Steel Electrode 


Cable connections to each length of pipe 
at points 8 or 10 ft apart are shown. 


odes, of either horizontal or vertical 
steel pipes, are designed to have a 
minimum weight of 25 Ib per amp-yr. 
This allows a 25 per cent margin for 
the scrap which will remain in the 
ground when the anode has disinte- 
grated and is no longer serviceable. 
The anodes are designed to carry the 
full output of the generator or recti- 
fier supplying the power for the pro- 
tection unit. 

The minimum weight of steel re- 
quired for a 20-amp unit with an 
anode life of 15 years, will be: 

20 amp < 15 yr X 25 lb = 7,500 Ib, 
which is the weight of 150 ft of 12-in. 
pipe. This weight of steel is the mini- 
mum to be used in any soil for an in- 
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Braze Cable to Pipe 


Remove Insulation fl 
1 in. Below Asphalt 
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Fig. 10. Insulation of Cable Connection of Horizontal Steel Electrode 


Electrode is new or reclaimed steel pipe; 


stallation of this size. Less will be 
called for by the charts for a given 
anode resistance in soils having a re- 
sistance of only a few hundred ohms 
per cubic centimeter, and more will be 
required in high resistance soils, but 
never should less metal be installed 
than called for by the above equation. 

The resistance of an anode to soil 
cannot be determined by either area of 
pipe or weight alone, as the anode re- 


cable is 250-MCM underground type. 


sistance is affected by the distribution 
of the surface in contact with the soil. 
A smaller pipe, laid in a straight line, 
will have a lower resistance than a 
larger diameter but shorter pipe hav- 
ing the same external area. A high 
surface to weight ratio is required of a 
conductor to obtain a satisfactory low- 
resistance ground, and this require- 
ment explains why steel rods and rails 
are not as economical as pipe for this 
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Soil Resistance — ohms per cucm 


Ground Resistance of Collinear Pipe-ohms 


Fig. 11. Resistance of Horizontal Ground Electrodes 
Part A shows variations with different outside diameters of steel-pipe electrodes ; 
Part B, variations with their length. 
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purpose. In high-resistance soil an 
appreciable reduction in the weight of 
steel may be attained by using a lighter 
weight of pipe. 

The selection between vertical and 
horizontal rods or pipes for an anode 
must be based on the available size and 
location of the right-of-way and the 
soil formations which are encountered. 
The difficulties of installation are fre- 
quently deciding factors. 


Horizontal Anodes 


Horizontal anodes consist of pipe 
laid in a straight line at a depth that 
will insure a moist surrounding 
throughout the year. Their advan- 
tages are: 


1. The entire length of the anode, 
being in moist soil throughout the 
year, discharges a current uniformly 
over its entire surface. 

2. The anode can be placed in a 


machine-dug trench. 

3. Horizontal anodes can be placed 
in comparatively shallow soil when 
rock formations are encountered at 
greater depths. 

4. The anodes and cable connec- 
tions can be examined with only a slight 
amount of excavating. 

5. The anode is placed underground 
at a sufficient depth to permit unob- 
structed use of the surface for farm- 
ing and other land use. 


The horizontal electrode can be 
placed in any position relative to the 
pipeline, provided that no part of the 
anode is within 100 ft of it. A greater 
spacing increases the length of line 
receiving protection. The cable is 
connected to each length of pipe at 
points 8 or 10 ft apart, as shown in 
Fig. 9, and the connection is insulated 
as shown in Fig. 10. Vinyl or Neo- 
prene protected cable is recommended 
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because ordinary rubber insulation de- 
teriorates rapidly in some soils. 
When, in order to avoid cathodic 
interference with other structures, the 
potential drop in the anode bed is lim- 
ited to a value such as 1 v (at the 
full load output of the direct current 
source), the resistance of the anode 
bed can be calculated by Ohm’s ‘law 
and the amount of horizontal steel pipe 
required found by the use of Fig. 11 
If, for example, a horizontal steel an- 
ode is to be installed in soil having a 
specific resistance of 1,000 ohms per 
cu cm, the calculation will be based on: 


Current discharged, amp 
Maximum permissible anode po- 
tential drop, v 
Life of anode, yr 
Minimum weight of anode (25 
Ib per amp-yr X 20 amp X 20 
yr), lb 
Equivalent weight of 12-in. pipe, 
ft 215 
Anode-to-soil resistance (25 amp 


at 1.5 v), ohms 0.06 


Determination of the weight of anode 
required may be made from Fig. 13. 
As the resistance of 0.06 ohm is 74 of 
the scale shown in the chart, the 
length is found by multiplying by 10. 
By this method, it is found that 450 
ft of 12-in. pipe, or 25,660 Ib, will 
be required. This amount, although 
more than the minimum required 
weight, is the minimum length that 
must be laid in a straight line to ob- 
tain the required low resistance to 
ground. Some saving may be ob- 
tained if a lighter weight of 12-in. pipe 
is obtainable. 


Vertical Electrodes 

Vertical electrodes are used in loca- 
tions having a moist soil formation of 
sufficient depth and area to permit the 
required number of anodes spaced to 
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give a low anode bed resistance, to be 
installed. Resistance of a vertical anode 
bed is found by using Fig. 12. 

Vertical anodes have the following 
advantages in certain locations: 


1. They are readily installed in soils 
that are reasonably free of stones or 
boulders. 
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3. They can be installed in re- 
stricted quarters, in parkways, and be- 
tween buildings that would usually be 
endangered by deep trench excava- 
tions. 


The average resistance of the soil 
in which a vertical anode is to be in- 
stalled is found by obtaining samples 
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Resistance of 1-ft Ground Rod —-ohms 


1,000 2,000 3,000 4,000 
Soil Resistance — ohms per cucm 
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Correction Factor 


40 80 120 160 
Correction for Multiple 
Ground Rods 


Total Resistance at Infinite Spacing - ohms 


KS 


0 6 14 22 30 38 
Resistance of Single Ground Rod - ohms 
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Fig. 12. Resistance of Vertical Ground Electrodes 
Part A shows variations with different diameter rods; Part B, with single rods of dif- 


ferent lengths; and Part C, with number of rods. 


Part D is spacing correction curve. 


When spacing of vertical rods is less than 250 diameters, total resistance must be multi- 
plied by spacing correction factor. 


2. They can be installed in marsh 
or flooded areas, where digging or 
trenching machinery could not be used 
and where excavations would require 
the use of pumps and cribbing to avoid 
cave-ins. 


at various depths and calculating the 
resistance by the equation: 
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in which Ry, is the average specific re- 
sistance of the soil; m is the number of 
samples taken between the surface and 
bottom of the electrode; and R;, Ro, 
and R, are specific resistances, in ohms 
per cubic centimeter, of the samples 
taken at the depths 1, 2, 3. 

Vertical ground rods should be 
spaced about 250 diameters or more 
apart to reduce the “interference” or 
“blocking” between them. If spaced 
more closely, the total resistance of 
the bed can be estimated by means of 
the spacing correction chart (Fig. 12). 


Ground Surface 
= 


Moisture or Water Level 


| ale 


Vinylite insulated Cable 


Fig. 13. Vertical Steel Electrode in Place 


When the allowable drop of poten- 
tial at the anode has been determined, 
the anode resistance can be calculated 
and the amount of steel pipe required 
found by use of Fig. 12. 

A vertical steel anode will corrode 
most rapidly at the ground water level, 
thereby disconnecting the lower por- 
tion of the anode before it has served 
its useful life. This difficulty is 
avoided by making internal connec- 
tions to the pipe, about 8 ft apart as 
shown in Fig. 13 and 14. 

Details of an internal connection in 
a vertical pipe anode as shown in Fig. 
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14 are made by brazing the cable to a 
steel disk which, in turn, is brazed or 
welded to a short piece of 2-in. pipe, 
forming a cup. This pipe is then 
welded to the inner surface of the 
metal “window” cut from the pipe 
anode. The cup is filled with asphalt 
and the entire assembly replaced in 
the anode pipe, as shown in Fig. 15. 


From Corrosion Eliminator 


To Lower Connection 


Asphalt 


Fig. 14. Detail of Internal 
Cable Connection 


The window or outer portion of the 
anode pipe at the cable connection is 
covered with a coat of asphalt to pre- 
vent the excessive soil corrosion which 
would take place directly opposite the 
connection. 

In determination of the placement 
of vertical anodes in a bed to be in- 
stalled in soil having a specific resist- 
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ance of 1,000 ohms per cucm, the 
values listed in the example of the 
horizontal anode apply. On the as- 
sumption that the length of each verti- 
cal 12-in. anode is 25 ft, reference to 
Fig. 12 will show that one 25-ft pipe 
in the given soil will have a resistance 
of 2.0 ohms. Thus, the number of 


Fig. 15. Asphalting of Vertical 
Steel Electrode 
Top: Filling cup welded to electrode in- 
side surface. Bottom: Asphalt coating in 
place to protect pipe at connection. 


vertical anodes of 12-in. pipe required 
to obtain a 0.06-ohm anode bed would 
b 2.0 

0.06 
tical anodes would be 200 ft. 


= 33, and the spacing of ver- 


Graphite Anodes 


Graphite anodes are preferred for 
use in salt water and in soil contain- 
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ing salt, as they have a longer life than 
carbon under the same _ conditions. 
Impregnated graphite backfill is pre- 
ferred for use in salt water or salt- 
containing environment as well as in 
acid environments. It is also pre- 
ferred if the current density is greater 
than 0.25 amp per sqft of anode rod 
surface. Carbon anodes are recom- 
mended for low resistance soils in the 
absence of salts and are preferred to 
graphite only when bromides or flu- 
orides are present. 

Graphite anodes are available with 
and without backfill, for current out- 


rABLE 2 


Current Outputs for Graphite Electrodes 


Max. Current 


di r ns 
Dimensio Discharge 


Weight 
in. lb 


| amp 
2x80 | 20 0.9 
4 x 80 | 25 1.7 
6 X 80 130 2.6 

With Backfill 

6X 104 | 220 3.5 
12x 104 | 475 7.0 
18 x 104 1,100 10.6 


puts as given in Table 2. When the 
current discharged from the anode is 
kept within these recommended limits, 
the life of the anode rod can be esti- 
mated on the basis of 4/5 lb per amp-yr. 
A convenient method of installing 
the backfilled electrodes is to place 
them in 16-gage steel cans of the di- 
mension given for “backfill” in Table 
2, tamping the backfill thoroughly and 
installing the electrode either verti- 
cally or horizontally, as with steel pipe 
anodes. The anode resistances are 
calculated with the aid of Fig. 11 and 
12, using the outside dimensions of 
the cans as the anode dimensions. 
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When these anodes have been in 
service for some time, the steel cases 
will be removed by the anodic corro- 
sion, leaving a graphite anode and 
backfill in contact with the soil. The 
anode potential drop will then be in- 
creased by the back emf of 1 v by the 
carbon-to-steel backvoltage. When 
additional area or weight of anode 
rods is required, the effective length 
of the rods in horizontal or vertical 
installations can be obtained as shown 
in Fig. 11 or 12. When an increased 
length of horizontal graphite anode 1s 
required, a number of units can be 
placed in a trench and connected to a 
common bus or cable as shown in Fig. 
16. 

All carbon and graphite anodes 
must be vented to permit the escape 


Grourid Surface / 


Fig. 16. Individual Unit Horizontal 
Electrode Assembly 


of the gas formed around them. The 
gas pockets thus caused reduce the 
contact area to the adjacent soil. 


Magnesium Anodes 

Magnesium anodes find their most 
efficient usefulness in soils ranging in 
resistance between 100 and 2,000 
ohms per cucm and are economical 
when the current requirements are 
low. The effective potential of a mag- 
nesium electrode against steel, when 
stable operating conditions are at- 
tained in actual practice, is generally 
hetween 0.6 and 0.7 v. 

Tests may be made to determine the 
suitability of magnesium to protect a 
given steel line, the current required 
being dependent on the soil resistance 
and the wrapping resistance on the 
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line. One such test involves measur- 
ing the specific resistance of the soil 
surrounding the pipe and the soil at 
a location suitable for an anode bed. 
Another requires installation of a tem- 
porary test ground rod, or anode, at 
the selected anode location. From 
this ground rod to the pipeline is then 
sent a current, J, of sufficient strength 
to provide a given length of line full 
protection as determined by the Mc- 
Collum earth current meter indication 


1,000. 
and the equation: i = ———, in which 
r is the soil resistance in ohms per 
cu cm. 


Ground Surface 
sift 
i 1! 
A. | 
| 
Fig. 17. Individual Unit Vertical 


Electrode Assembly 


When a magnesium galvanic anode 
is used to protect a steel pipe, the 
overall potential is limited to a maxi- 
mum value of approximately 0.6 v 
when the required current /» is pass- 
ing from the anode through the soil 
to the pipe. 

The difference between this avail- 
able potential, Ey = 0.6 v, and the net 
pipe-to-soil potential F,,* will give the 

*Net pipe to soil potential = pipe to cop- 
per sulfate electrode = potential minus 0.6 
volt (assumed copper to steel potential). 
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remaining potential E, which is avail- 
able to send the current J, from the 
magnesium anode ground bed to the 
pipe. The anode bed resistance Ry 
Ea 

The resistance Rk, of a single gal- 
vanic anode in a soil of known resist- 
ance may be determined by Fig. 11 
and 12, using the outside dimensions 
of the galvanic anode and backfill as the 
electrode dimension. The number n of 
galvanic anodes required at a spacing of 
150 diameters or more, in order to ob- 
tain a ground bed of resistance Ry, can 


When re- 


can be calculated by: R, = 


be calculated by: n= Ri 
Re 
TABLE 3 


Data on Magnesium Galvanic 
Anodes Used in Tests 


Overall Dimension 


of Packaged Unit 


Rating 
Anode Yr 


lb ma Diameter 


Weight 
o 

Backfill 
lb 


Length 
in. 


17 90 25-28 


35-40 


63 | 25 
34 180 74 | 28 


quired by local conditions, the elec- 
trode can be placed in horizontal or 
vertical groups as shown in Fig. 16 
and 17. 

The characteristics and dimensions 
of the magnesium galvanic anodes 
used are given in Table 3. 

When longer vertical magnesium 
anodes are required, a number of 
units can be assembled as shown in 
Fig. 17, making it possible to obtain 
a lower resistance anode bed with a 
limited ground area. 


Choice of Electric Protection 


Before the type of protection to be 
applied is finally selected, following 
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the essential preliminary field test, 
comparative estimates of the various 
methods should be made. These esti- 
mates take account of the comparative 
annual cost of installing and maintain- 
ing the protection with each type of 
installation, and will include the fol- 
lowing items: 


1. Cost of electrical protection 
equipment, service lines, ground elec- 
trodes, right of way 

2. Interest on investment 

3. Taxes on investment 

4. Depreciation charges on equip- 
ment 

5. Renewal charges on ground elec- 
trodes 

6. Power costs per year 

7. Maintenance charges for upkeep 
of various parts of system. 


The foregoing discussion touches 
only on some of the more essential 
portions of a cathodic protection sys- 
tem that must be considered in ad- 
vance. It is well to obtain the assist- 
ance of an experienced engineer to 
study the plans and supervise the ac- 
tual installation. 
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DISCUSSION——-DOLSON 


Discussion 


F. E. Dolson 


Supt. of Distribution, St. 
Water Co., St. Louis, Mo. 


Louis County 


The author's presentation covers the 
subject adequately, is easily under- 
stood, and represents considerable ef- 
fort. Although little new has been 
added, the paper summarizes existing 
knowledge on the subject. 

The portion on “Protective Meth- 
ods” tends to oversimplify the problem 
and may mislead readers into thinking 
that expensive field work can be re- 
duced simply by calculating current 
requirements rather than determining 
them experimentally. Current require- 
ments vary considerably depending 
upon environmental conditions—for 
example, Hadley (1) reports that mini- 
mum current density of 15 x 10° to 
50 x 10°° amp per sq cm (14 to 46 ma 


per sq ft) is required for full protection 


in an active microbiological anaerobic 
environment. This requirement is not 
unusual if protection is being provided 
against sulfate-reducing bacteria. In 
contrast, if such bacteria are present in 
soil of 2,500 ohms per cm resistance, 
Schneider’s formula indicates that only 
0.4 amp per sq ft would be required. 
The answer to the current density 
problem has been sought for some time. 
In reviewing current literature it is 
difficult to find specific answers or 
formulas that do not qualify their state- 
ments of minimum current density. 
The National Assn. of Corrosion En- 
gineers recognized the importance of 
the current density problem and a few 


years ago established a Technical Prac- 
tice Committee charged with the re- 
sponsibility of establishing current den- 
sity criteria under different environ- 
mental conditions. To date this com- 
mittee has not issued any concrete in- 
formation. 

From the foregoing statements, it 
might be inferred that there is disagree- 
ment with Schneider’s formula. <Ac- 
tually, the formula is probably conserva- 
tive, usually producing considerably 
more current than is required for ade- 
quate protection. As a guide it may be 
of some use to the engineer. It is still 
true, however, that the final answer to 
the amount of protective current re- 
quired in a given situation should be 
determined experimentally, inasmuch as 
the current requirement varies with the 
conditions encountered. The formula 
is not applicable to conditions involv- 
ing sulfate-producing bacteria. 

The portion of the paper devoted to 
ground bed installation is excellent. 
The charts and graphs should be a 
valuable aid to corrosion engineers who 
usually use charts similar to these 
when establishing ground bed resist- 
ance. Any discrepancies between the 
measured ground bed resistance and 
that obtained from charts can easily be 
corrected by making the proper field 
adjustments. 
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Cathodic Protection of Steel Water Tanks 
By C. Kenyon Wells 


A paper presented on Oct. 25, 1951, at the California Section Meeting, 
San Francisco, Calif., by C. Kenyon Wells, Asst. Gen. Mgr. & Asst. 
Chief Engr., Long Beach Water Dept., Long Beach, Calif. 


determining the performance 

value of various protective coatings 
on steel surfaces, no test is more re- 
liable and conclusive than that of sub- 
jecting the coatings to actual service 
conditions over a long period of time. 
The Long Beach Water Dept. has 
had the benefit of such a time test in 
twelve large, steel water-storage tanks 
constructed a number of years ago, 
the first group of six tanks having been 
built in 1932 and the second group of 
six in 1936. The tanks are all identical 
in dimension, 132 ft in diameter, 35 ft in 
height, and have a capacity of 3.5 mil 
gal each. 

The six tanks erected in 1936 were 
protected on their interior surfaces 
with coal-tar enamel, and, today, after 
fifteen years of service, the coatings are 
still in excellent condition. Satisfac- 
tory experiences such as this one have 
led to a general acceptance by water 
works men, particularly those in the 
West, of the coal-tar enamel coating 
as the most permanent and satisfactory 
type of application for the protection 
of submerged steel surfaces from cor- 
rosion. Where failure of coal-tar 
coating has occurred, the breakdown is 
invariably traced to faulty application, 
for the cold-applied primer and the 
hot-applied enamel must be laid down 
on a thoroughly cleaned steel surface 
under exacting conditions, and poor 
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technique in the application can result 
in defective bond. When properly ap- 
plied, coal-tar base enamels are im- 
pervious to moisture, make a tight 
bond with the steel surface, and main- 
tain a high electrical resistance. 
Experience has demonstrated, how- 
ever, that there are types of coatings 
which fail to give this kind of service. 
In 1932 when the department erected 
its first group of six tanks, the in- 
terior surfaces were coated with a 
product which was then in common 
use. The coating consisted of a hot- 
applied enamel over a_ cold-applied 
primer but differed from the modern 
coal-tar enamel coating in that, in- 
stead of being formulated entirely of 
coal-tar base materials, it had been 
manufactured by blending asphalts and 
coal tars. This coating began to show 
definite evidences of failure after 
eleven or twelve years of service. In- 
creasing numbers of rust spots were 
observed on the interior surfaces of 
these tanks when they were emptied 
each year or two for cleaning. The 
rust spots appeared on rivets, bottom 
sheets, side wall sheets, and columns 
alike. Careful inspection of the rust- 
ing areas revealed a deterioration of 
the coating in which there appeared to 
be a gradual loss of bond. Large areas 
of deteriorated enamel could have been 
removed easily with a putty knife. 
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In the early stages, to control the 
corrosion which was becoming increas- 
ingly serious, each area of rust was 
carefully cleaned and given a cold ap- 
plication of coal-tar coating. This was 
regarded as only a stopgap measure, 
and it was realized that definite steps 
would soon be necessary if the steel in- 
vestment in the reservoir was to be 
protected. 

A check of costs at that time—1945 
—disclosed that removal of the old 
coating by sandblasting and applica- 
tion of a coat of coal-tar primer and a 
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External Wire 
Bright Steel — A: Rusty Steel 
(Anode) - (Cathode) 
Waler. 


Fig. 1. 

The basic elements of a corrosion couple 

are represented by a bright and a rusted 

piece of steel connected externaily and 
submerged in water. 


Corrosion Couple 


coat of coal-tar enamel would cost ap- 
proximately 25¢ per sq it, or approxi- 
mately $8,000 per tank—a total cost 
of almost $50,000. As this appeared to 
be a rather large investment, and 
favorable reports had been received on 
the results of applying cathodic pro- 
tection to steel tanks, it was decided 
to investigate this newer method of 
corrosion control. 


Corrosion Process 


Before discussing cathodic protec- 
tion, it might be well to review briefly 
some of the facts concerning the cor- 
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rosion process. The enormous annual 
corrosion losses in the water industry 
are compelling all water works engi- 
neers to study the conditions under 
which corrosion occurs and the meth- 
ods whereby it may be eliminated, or 
at least retarded. For this reason, a 
fairly general working knowledge of 
the corrosion exists among 
these engineers. 

It is fairly well known, for example, 
that if a bright piece of steel and 
rusty piece of steel (Fig. 1) are sub- 
merged water and connected with 


process 
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t Load 


Zinc Anode 
Carbon Cathode 
Zine Anode a 
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Electrolyte - 


Fig. 2. Dry Cell 
Shown are the basic elements of a com 
mon dry cell in a simple circuit. 


an external wire, a corrosion couple 
will be formed in which the bright piece 
of steel becomes an anode and the 
rusty piece a cathode, resulting in a 
flow of current through the water from 
the bright steel anode to the rusty 
steel cathode. This action is similar 
to that in a common dry cell (Fig. 2) 
composed of a zinc anode, a carbon 
cathode, and the intervening electro- 
lyte. When a resistance load is con- 
nected across the two terminals of the 
cell, current flows through this ex- 
ternal circuit from carbon to zinc ; but, 
within the battery itself, current flows 
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from the zinc anode through the elec- 
trolyte to the carbon cathode, com- 
pleting the circuit. As the current in 
this cell continues to flow, the zinc 
anode gradually deteriorates. 

With the bright piece of steel acting 
as an anode to the rusty piece, there is 
a similar battery action in which the 
flow of current is from the bright steel 
anode through the water electrolyte, to 
the rusty steel cathode, with the cir- 
cuit completed through the external 
wire. As the current continues to 
flow, the anode progressively deterio- 
rates in the same way as the zinc anode 
did in the dry cell. 


Fig. 3. Freely Corroding Steel Surface 
Diagram shows anodic and cathodic areas 
of a steel surface that has come in con- 
tact with water, and the attendant elec- 

trochemical corrosive action. 


It is generally recognized that the 
surface of a steel plate in contact with 
water (Fig. 3) tends to become either 
anodic or cathodic, depending upon the 
characteristics of the steel surface at 
any particular point. A small, bright 
spot on the steel surface may become 
anodic to an area covered with mill 
scale ; or imperfections on the steel sur- 
face, caused during fabrication, may 
become anodic to surrounding rusted 
or tuberculated areas. This condition 
is like the couple formed by the bright 
and rusty pieces of steel submerged 
in water and connected with an ex- 
ternal wire, except that these anodic 
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and cathodic areas are in the same 
piece of steel; and, although the cur- 
rent also flows from the anodic area 
through the water to the cathodic area, 
the circuit is completed through the 
steel plate itself instead of through the 
external wire. 

On the interior surfaces of an un- 
protected steel water storage tank a 
great many of these miniature battery 
cells are formed, each one causing a 
minute amount of current to flow, and 
each one causing localized rusting and 
pitting to occur on the anodic area 


Stee! Plate (Cathode) 
Lh 


Cathodically Protected Steel 
Surface 

Method by which anode superimposes a 

blanket of current on the steel surface, to 

suppress the current flow accompanying 

the electrochemical corrosion process, 1s 

shown. 


Fig. 4. 


where a continuous flow of current is 
leaving the steel surface. This phe- 
nomenon is referred to as the electro- 
chemical corrosion process. 


Cathodic Protection 


The purpose of cathodic protection 
(Fig. 4) is to superimpose upon the 
tank walls a blanket of current which 
will suppress the current flow accom- 
panying the electrochemical corrosion 
process. Experience has demonstrated 
that, when this superimposed current 
entering the corroding area is strong 
enough to counterbalance the current 
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of the many miniature battery cells, 
corrosion ceases. In other words, the 
impressed current from the cathodic 
protection system must be equal to or 
greater than the current leaving the 
many corroding, or anodic, areas. 

A cathodic protection system for 
steel tanks consists primarily of a 
source of direct current, an anode sys- 
tem, and the electrical wiring neces- 
sary to connect them. The power 
unit is ordinarily contained in a steel 
cabinet mounted on the side of the 
tank at a convenient height above the 
ground. It is composed of a multiple- 
tap transformer to reduce the 110-v 
alternating current to a more favorable 
voltage and a selenium rectifier which 
converts the alternating current to di- 
rect current. The anode system con- 
sists of a number of anodes suspended 
in the tank in a carefully designed pat- 
tern and connected to the positive ter- 
minal of the rectifier. In operation, 
direct current flows from the rectifier 
unit to the anodes and then through the 
water to the metal surfaces of the tank. 
The circuit is completed by using the 
tank as a conductor to return the cur- 
rent to the negative terminal of the 
rectifier. 

A correctly designed anode system 
will provide a uniform distribution of 
current density to all submerged sur- 
faces of the tank. By the proper place- 
ment of the anodes, the electrical re- 
sistance of the water between the anode 
arrangement and the surfaces to be pro- 
tected can be kept low, thus requiring 
only a minimum of impressed voltage. 

The ideal anode material would be 
one which resists deterioration while 
current is flowing from its surface, has 
a low electrical resistance, is mechani- 
cally strong, and is inexpensive. Al- 
though no material which fulfills these 
requirements perfectly is available, the 
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materials more generally used are car- 
bon, graphite, mild steel, stainless steel, 
aluminum, zinc, magnesium, and plati- 
num. 

The total current requirements neces- 
sary to achieve complete protection 
from corrosion must be determined for 
each specific problem. If the entire 
tank surface is bare, more current will 
be required than if a deteriorated coat- 
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Submarine Cable 


16.5! 


Ground Connection 


Fig. 5. Location of Anodes 
Upper diagram is a plan of the tank, which 
is shown in deviaton below. 


ing partially covers and insulates the 
steel. 


Design of System 


After it was decided to explore the 
possibilities of applying cathodic pro- 
tection to the six tanks in which the 
coating was failing, a firm specializing 
in this type of work was invited to 
study the problem and submit recom- 
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mendations. Upon request, they were 
furnished a drawing of the tank con- 
struction (Fig. 5) showing that each 
tank was 132 ft in diameter and 35 ft 
high, with a center column and three 
concentric circles of columns. The con- 
centric circles were 16.5 ft apart and 
the columns were approximately 10.5 
ft center-to-center in the circles. In 
all, there were 31 steel columns in 
each tank. A typical sample of the wa- 
ter stored in the tanks was also sub- 
mitted. 

It was estimated that 80 per cent of 
the interior tank surface below the 
high-water line remained covered with 
coating which, because of its insulative 
value, had the effect of reducing the 
current-density requirements. On this 
basis, the cathodic protection firm de- 
termined that a current density of 0.3 
ma per sq it applied to the entire sub- 
merged area of the tank would provide 
complete protection. The submerged 
area totaled 32,000 sq ft, 15 per cent of 
which was in the 31 roof-support col- 
umns, which also required protection. 
Each column had been formed of a 9- 
in. and a 10-in. channel placed side to 
back in the shape of a tee, which for- 
mation explains the comparatively large 
column area. The 0.3 ma per sq ft. 
when applied to the total area, required 
a total current of approximately 10 
amp. With these data at hand, the 
consulting firm recommended an im- 
pressed operating voltage on the sys- 
tem of 20 v and, accordingly, specified 
a 24-v power unit designed for a maxi- 
mum output of 12 amp. It is inter- 
esting to note that, with 20 v applied 
and a current of 10 amp flowing in the 
system, the indicated resistance of the 
entire circuit, by Ohm’s law, would 
be 2 ohms, 

With these conclusions reached, it 
remained for the consultants to design 
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an anode system which would distribute 
a uniform current density of 0.3 ma per 
sq ft to all submerged surfaces of the 
tank. The problem was to locate the 
anodes in such a configuration that, 
with 20 v applied and 10 amp flowing, 
the required uniform-current density 
would result. 

Their recommendation, shown in 
Fig. 5, was to suspend from the roof 
fifteen anodes of 26-gage platinum wire, 
72 in. long, equidistantly spaced on a 
circle 11 ft in from the side walls of 
the tank and also located equidistant 
from the fifteen outer columns. The 
bottoms of the anodes were to be 11 ft 
above the tank floor. In addition, there 
were to be five anodes of 26-gage plati- 
num wire, 30 in. long, suspended from 
the roof and equidistantly spaced on an 
inner circle of 20.5-ft radius. These 
anodes were to be located equidistant 
from the five inner columns with the 
bottoms 7 it above the tank floor. The 
purpose of these inner anodes was to 
distribute protective current to the 
comparatively large center section of 
the floor area and to the inner columns. 

Because the base of each column 
rests upon the enameled floor and 1s, 
therefore, more or less insulated from 
the steel structure of the tank, it would 
be necessary to bond each column base 
individually to the floor with a welded 
steel cable connection, thus providing 
a return circuit to the rectifier for the 
protective current which would flow 
from the anodes into the columns. 

Each platinum wire anode was to be 
suspended at the correct height from 
the end of a length of No. 10, 49-strand 
flexible, plastic-covered submarine ca- 
ble, the upper end of which was to be 
secured to the roof deck. The copper 
conductor of the submarine cable was 
to be connected to the platinum wire 
by means of a special plastic connector 
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which, when made up and screwed to- 
gether, would provide a watertight con- 
nection with low electrical resistance. 
The lower end of the platinum wire 
was to be weighted with a ball-type 
porcelain insulator, the purpose of 
which was to keep the wire anode 
stretched in a vertical position. <A 
spun-glass thread secured to the sub- 
marine cable above the plastic connec- 
tor and tied to the insulator was to be 
adjusted in length until the tension in 
the platinum wire was relieved. The 
purpose of this support was to avoid 
any possibility of breakage of the plati- 
num wire through stress or twisting. 
The power unit, enclosed in a steel 
cabinet, was to be mounted on the side 
of the tank approximately 5 ft above 
the ground and connected to the 110-v 
alternating current supply. The posi- 
tive lead from the power unit shown in 
Fig. 5 was to be connected to a No. 10, 
19-strand, plastic-covered conductor en- 
closed in a 4-in., galvanized, rigid con- 
duit and installed up the side of the tank 
to the roof. From this point, the con- 
duit was to be laid on wood blocking on 
the composition roof deck in two con- 
centric circles of such radii that the con- 
duit would pass directly over each anode 
position. At each of these positions, a 
condulet tee was to be installed with the 
branch facing down through a hole in 
the wood roof sheathing through which 
the submarine cable from the anode 
would be drawn. The condulet tee was 
to have a side inspection plate which 
could be removed and would house the 
electrical connection between the wire 
in the conduit and the submarine cable. 
The negative lead from the power 
unit (Fig. 5) was to be grounded to 
the adjacent tank wall, and, in addition, 
a No. 10, 19-strand, plastic-covered 
ground wire was to be drawn through 
the 4-in. conduit just described in the 
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shortest path to a ground connection on 
the opposite side of the tank from the 
rectifier, This second ground connec- 
tion was to reduce the resistance of the 
return path for the current flowing into 
the tank walls on the far side. 

To observe the effectiveness of the 
design before making the installation 
in all six tanks, the cathodic protection 
firm was instructed to proceed with the 
installation of equipment in only one 
tank. The completed installation pro- 
duced the anticipated results. With 20 
v impressed on the system, a current 
flow of 10 amp was indicated. The 
equipment was placed in continuous op- 
eration in August 1945. 

Of interest is the extreme sensitivity 
of the system to changes in anode posi- 
tion. Experimentation by the consul- 
tants before the final anode design was 
adopted showed that platinum wire 
anodes 30 in. long instead of 72 in., 
placed in an outer circle 13.5 ft in from 
the side walls of the tank instead of 11 
ft, and positioned 7 ft above the floor 
instead of 11 ft, resulted in a current 
flow of only 5 amp instead of 10 amp. 


Results and Costs 


After cathodic protection had been 
in full operation for seven months, the 
tank was emptied and inspected. The 
results were very gratifying. The old 
rust on the areas where the coating had 
disappeared had been raised from the 
surface of the steel, remaining there in 
a delicate, reddish-brown, honeycomb 
structure. Beneath the rust, a white, 
chalky film had formed on the bare 
steel. The loosened rust was easily 
brushed away. In fact, in some areas, 
all traces of it had disappeared. The 
chalky film, which was mainly calcium 
carbonate from the water, was being 
plated out on the submerged surface of 
the steel. On all spots observed, clean 
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gray steel was exposed when the white 
deposit was scraped off. A careful in- 
spection of the entire steel area of the 
tank below the average high-water line 
disclosed no new rust areas, and it was 
felt that the installation was giving full 
protection. Each succeeding inspection 
has substantiated this belief. The 
white protective film has gradually in- 
creased in thickness. On the basis of 
the performance of the equipment in 
this tank, the five remaining tanks with 
defective coatings were subse- 
quently protected. 

The cost of the cathodic protection 
equipment complete and installed was 
$1,460 per tank in 1945. The system’s 
life should be not less than twenty 
years, although it may occasionally be 
necessary to replace a platinum wire 
anode. Because platinum does not de- 
teriorate as do most of the anode ma- 
terials, the only reason for replacement 
would be accidental breakage of the fine 
wire. In 1945 the cost of 26-gage plati- 
num wire, 99.5 per cent pure, was ap- 
proximately $2.75 per ft; however, its 
price today is approximately $4.00 per 
ft. Each tank required approximately 
111 ft of platinum wire, representing 
a cost of $305 in 1945 and $444 at pres- 
ent-day costs. Salvaged lengths of 
platinum wire can readily be melted and 
redrawn at a nominal labor cost. 
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Each cathodic protection unit con- 
sumes approximately 400 w of power or 
288 kw hr per month. At the rate the 
department pays for power, this amount 
of energy would cost approximately 
$2.16 per month or $26.00 per year per 
tank. 


Conclusions 


The foregoing discussion clearly indi- 
cates that cathodic protection of the in- 
terior surfaces of steel water storage 
tanks is limited to those areas below the 
average high-water line, and it still re- 
mains necessary to protect those steel 
areas above this level with some type 
of coating. In sections of the country 
where ice forms on the surface of the 
water, the use of cathodic protection is 
necessarily limited to the non-ice-form- 
ing months of the year, because the 
anode system would be damaged by the 
rising and falling ice layer. Notwith- 
standing these limitations, cathodic pro- 
tection can be utilized to save the water 
works operator untold thousands of 
dollars in maintenance costs. After six 
years of experience with this type of 
corrosion control, the Long Beach Wa- 
ter Dept. has concluded that cathodic 
protection is a thoroughly practical 
method of protecting the submerged 
steel surfaces of water storage tanks. 
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The Tucumcari Tank Failure 


New Mexico Society of Professional Engineers 


A report on the cause of failure of a municipal water tank in Tucum- 
cari, N.M., on Dec. 13, 1951, submitted to J. A. Fleming, City Mgr. 
of Tucumcari, by the New Mexico Society of Professional Engrs., 
Albuquerque, N.M. 


Epitor’s Note: On December 13, 1951, Tucumcari, N.M., suffered a disaster 
when a steel ground-storage water tank failed. At first it was felt the failure 
resulted from sabotage, from a meteor striking the tank, or from an earthquake. 
None of these theories was confirmed. <A special task group from the New 
Mexico Society of Professional Engineers investigated and reported that the 
failure derived from improper welding when the tank was erected. Corrosion 
to an extent great enough to contribute to the collapse was not evident. The 
report of the engineering group is published herewith, with discussions by H. O. 
Hill, Chairman of the AWWA-AWS-NEWW A Committee on Elevated Tanks, 
and by S. A. Greenberg, Technical Secretary of the American Welding Society. 

The tank was first erected and used by the Bureau of Reclamation when the 
Conchas Dam was being built. The tank was not built according to AWW.A 
specifications—it was of lighter weight steel, and was designed for oil storage. 
After the Conchas Dam was completed in 1938, the tank was torn down and ap- 
proximately two years later was re-erected as a water storage tank in Tucumcari. 

From the standpoint both of original design and of welding procedures used 
when it was re-erected, the tank should not have remained intact after it was 
filled with water. That it did stand and serve for approximately eleven years 
is evidence of the adequacy of the safety factors involved in tank design. ‘That 
it failed with a resultant loss of life is evidence that the safety factors were abused. 

This disaster illustrates two fundamental rules: [1] a steel tank built in ac- 
cordance with oil industry specifications should not be used for water storage ; 
and [2] welding is a job for trained men. 


- the early morning of Dec. 13, 
1951, a steel water storage tank 
forming a part of the municipal water 
supply system of the city of Tucum- 
cari, N.M., failed. Several lives were 
lost, a considerable amount of property 
damage was inflicted, and the city’s 
water supply was seriously impaired. 

Members of the New Mexico Society 
of Professional Engineers learned of 
these facts through the public press 
and radio. They also learned that 
there existed in the minds of the mu- 


nicipal authorities at Tucumeari, and 
the public’s mind, a considerable ques- 
tion as to the cause of failure of the 
tank. There were persistent rumors 
that an explosion had been the im- 
mediate cause of failure. 

The society, prompted by a desire 
to render a public service in time of 
disaster, offered its services to the city 
of Tucumcari. Tucumcari accepted 
this offer, and asked that the society 
send engineers to examine the remains 
of the tank and report their findings as 
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to the cause of failure. The society 
undertook this assignment as a vol- 
untary public service, without charge 
or cost to the city of Tucumcari. The 
society, in addition to three of its en- 
gineering members, enlisted the volun- 
tary assistance of Arthur P. Bailey, an 
expert in the theory and practice of 
welding. This group of four men spent 
approximately five hours in an exami- 
nation of the remains of the tank and 
the wreckage in the immediate vicinity 
thereof, on Sunday, Dec. 16, 1951. 


Scope of the Report 


The scope of this report is confined 
strictly to a determination of the cause 
of failure of the tank, as evidenced by 
the physical examination of its  re- 
mains and the surrounding wreckage. 
Collateral evidence, such as eyewitness 
reports or the reports of those on the 
ground immediately after failure, to- 
gether with the technical or personal 
opinions of others than the under- 
signed, have received no consideration 
whatever in arriving at the conclusions 
reached. This report does not con- 
cern itself with the extent of damage 
to property other than the tank itself, 
and any such damage is referred to 
only as it may have a bearing on the 
cause or mode of failure of the tank. 


The Tank Before Failure 


The tank was located within the 
western portion of the corporate limits 
of the city of Tucumeari. It was a part 
of the municipal water supply system, 
and is reported by city officials to have 
been practically full at the time of 
failure. 

It was a circular cylindrical tank 
115 ft in diameter and 30 ft high. The 
bottom was made from steel plates, lap 
welded, and resting on a cushion of 
loose pea gravel, which in turn rested, 
apparently, directly on the soil. The 
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shell was constructed from steel plates 
4-in. butt welded in the lower section, 
%-in. lap welded in the middle section, 
and }-in. lap welded in the upper sec- 
tion. The bottom edge of the 4$-in. 
shell was T-welded to the ;%;-in. bot- 
tom plates by fillet welds, with three 
passes on the outside and one on the 
inside. The ;%;-in. bottom plates ex- 
tended approximately 3 in. beyond the 
outside of the shell. The roof was con- 
structed of various thicknesses of lap- 
welded steel plates, the predominant 
thicknesses appearing to be 4 to } in. 
The roof was welded to the top edge 
of the shell. The roof was supported 
by various types and sizes of steel 
columns and intermediate “truss” sup- 
ports, the columns extending to the 
floor, and being welded thereto. De- 
tails of the roof and its mode of sup- 
port are unimportant, inasmuch as the 
collapse of the roof was incidental to 
the failure of the tank. The roof was 
pierced by a 6-in. iron vent pipe at its 
center, and by a 30 * 30-in. square 
steel door, loosely hinged and not 
locked, at a point on the circumference. 
A steel ladder, welded to the outside 
of the shell, gave access to this door 
in the roof. There was also an &-in. 
overflow hole at the top of the shell. 

During the brief period of inspec- 
tion it was impossible to determine ac- 
curate details of exactly what function 
the tank performed as an integral part 
of the distribution system—that is, 
whence it was fed, whither it dis- 
charged, etc. These facts seemed rela- 
tively unimportant, and were dismissed. 
The tank appeared to have had a 6-in. 
inlet rising vertically through the stored 
water and discharging above its sur- 
face, and a funnel-shaped outlet stand- 
ing perhaps 18 in. above the tank’s bot- 
tom; the mouth of the funnel was 22 in. 
in diameter, and the throat perhaps 14 
in. 
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The surfaces of the steel plates form- 
ing the shell, both interior and exterior, 
were in good condition without evi- 
dence of serious deterioration by rea- 
son of rusting or corrosion. The vis- 
ible (interior) surface of the bottom 
of the tank was somewhat more rusted 
and pitted, but cannot be said to have 
been in a seriously deteriorated con- 
dition. 

City officials report that on the day 
before failure a casual examination of 
the tank revealed no visible leaks. 


The Tank After Failure 


The accompanying plat (Fig. 1), 
made on the ground by Marvin C. May 
on Dec. 16, 1951, shows the position of 
the component parts of the tank after 
failure. 


Mode of Failure 


None of the undersigned saw the 
tank fail. The mode of failure, there- 
fore, may not properly be stated as 
fact in this report. The following state- 
ment as to mode of failure represents 
the professional opinion of the under- 
signed based on careful examination, 
the application of fundamental engi- 
neering principles, and engineering 
judgment and experience. 

A vertical butt weld in the 4-in. shell 
near the bottom of the tank failed in 
tension. The location of this vertical 
weld was within a few inches of the 
point where Specimen 7 was taken, as 
shown on the accompanying plat. It 
is probable that the sudden snapping 
of the joint caused a concussion which 
set up a shock wave of considerable 
magnitude within the water in the 
tank, and greatly accelerated progres- 
sive failure. 

Almost instantaneously, or within the 
space of a very few seconds, failure 
proceeded as follows: the 4-in. butt 
weld in the shell failed throughout its 
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vertical 7-ft length. The two parts of 
the shell near the bottom, thus unsup- 
ported by the tension bond between 
them, began to move outward under 
the hydrostatic pressure of approxi- 
mately 30 ft of water. The only sig- 
nificant force opposing this motion was 
occasioned by the fillet weld bond be- 
tween the shell and the ;*;-in. bottom 
plates, or floor of the tank. It is note- 
worthy that the fillet weld did not fail. 
The ;;-in. plates forming the bottom 
of the tank, however, were unable to 
withstand the forces tending to move 
the bottom portion of the shell out- 
ward. These ;*;-in. plates, therefore. 
began to tear apart along the toe of the 
fillet weld. This tearing proceeded 
throughout the circumference of the 
tank. Simultaneously with these de- 
velopments, failure of the 4-in. vertical 
butt weld reached a point approxi- 
mately 7 ft above the ground, where 
it encountered the ?-in. plate in the 
next (upward) section of the shell. 
The vertical joints in the shell were 
staggered, and it is noteworthy that 
the horizontal weld between the 4- and 
3-in. portions of the shell did not fail, 
but rather, the 2-in. plate simply tore 
apart under the ripping action occa- 
sioned by the failure of the 4-in. vertical 
weld. This ripping of the unwelded 
portion of the plates in the shell pro- 
ceeded throughout the vertical width 
of the 3- and 4-in. plates to the top of 
the shell. Here the outward motion of 
the two portions of the now completely 
separated shell was resisted only by 
the (quite properly) unsubstantial at- 
tachment between shell and roof. The 
shell tore loose from the roof on both 
sides of the vertical failure without 
much resistance, and was now almost 
completely free to whip outward, tear- 
ing the tank’s bottom along the toe of 
the fillet weld, and breaking the bond 
between shell and roof, as it went. 
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So suddenly did these events occur, 
that by the time the shell had torn loose 
from top and bottom almost completely 
around its entire circumference, there 
still remained sufficient hydrostatic 
pressure in a westerly direction to move 
the shell and roof to the position 
shown in the accompanying plat. The 
light roof, offering no resistance to 
westward motion other than its inertia, 
remained attached to the shell for the 
last few feet of its circumference, as 
shown in the plat. The floor, on the 
other hand, still being loaded with 
water, and resting on a rough gravel 
cushion, was held in place by fric- 
tional forces, and became completely 
detached from the shell. 

The almost instantaneous release of 
the (approximately) 2,300,000 gal in 
the tank sent a wall of water easterly 
and northerly, carrying away the ware- 
house and damaging other structures in 
those directions. It is probable that 
the pump house and other structures 
to the westward and southward suf- 
fered considerable damage as a result 
of being struck by the shell of the 
tank as it whipped outward or was 
forced westward. 


Design 


Thickness of the shell plates indi- 
cated that the tank was properly de- 
signed with a working stress of ap- 
proximately 18,000 psi when full. 


Cause of Failure 


After diligent search, the under- 
signed found no evidence of an explo- 
sion, nor of any forces having been ex- 
erted on the tank other than those 
which it would normally have been de- 
signed and constructed to withstand. 

It is the considered professional 
opinion of the undersigned that the 
tank failed because of a poorly welded 
vertical butt joint between the 4-in. 
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plates of the shell in the manner pre- 
viously described. 

Because the joint failed throughout 
its entire vertical length, it was impos- 
sible to test any part of it in tension. 
Careful visual examination of both 
halves of this failed joint, however, re- 
vealed the following facts which, to- 
gether with tests hereinafter mentioned, 
are here set down in support of the 
opinion of the undersigned as to the 
immediate cause of failure : 


1. Prior to welding, the abutting 
edges of the two $-in. plates had been 
flame-cut. (This is reported to have 
occurred during the dismantling of the 
tank at a previous location before it 
was acquired by the city of Tucumcari. ) 

2. Although in. in _ thickness, 
neither plate had received any edge 
preparation whatever. Thus, instead 
of employing one of the conventional 
V, J, or U grooves which are re- 
quired by good practice in butt weld- 
ing plates as thick as 4 in., the welder 
had simply constructed a square-groove, 
double-welded butt joint. 

3. Failure to provide necessary edge 
preparation resulted in the groove be- 
ing only partially filled with filler metal. 
The blackened edges of the abutting 
parent metal, where the filler metal had 
not completely filled the groove, bore 
the unmistakable marks of the cutting 
flame previously mentioned. The av- 
erage depth of the groove (throughout 
the 7-ft length of the joint), which had 
been filled with welding metal, is es- 
timated at less than ;'5 in. on each side 
of the double weld. Thus, approxi- 
mately 30 per cent of the groove had 
been filled. At some points the amount 
of filler which had entered the groove 
was practically nil, and the plates were 
apparently being held together by bead 
reinforcement applied outside the 4-in. 
thickness of the plates. 
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4. Although cross sections of the 
failed joint were not etched, it may 
reasonably be assumed that penetration 
was inadequate, in view of subse- 
quent comments herein concerning 
those joints which were etched. 

5. The conditions above described 
prevailed in varying degrees through- 
out the 7-it length of the joint, meas- 
ured along its axis. 


Specimens and Tests 


Specimens were flame cut from the 
tank on Dec. 16 under the supervision 
of Arthur P. Bailey. The locations 
of the several specimens are shown on 
the accompanying plat. 

A certificate of tests * was supplied 
to the society without charge by the Al- 
buquerque Testing Laboratories. The 
following comments are set forth as a 
supplement to the certified test results. 

Tension tests were made on Speci- 
mens 4, 5, 6, and 13. Specimens 4, 6, 
and 13 were $-in. double-welded butt 
joints; No. 5 was all parent metal. All 
tested specimens were machined down 
to 1}-in. width, thus producing a nomi- 
nal cross-sectional area of {| sqin. The 
bead reinforcement was ground from 
Specimens 4 and 6, bringing the thick- 
ness of the weld down to the $-in. 
thickness of the plates. The plates in 
Specimen 13 were slightly offset— 
that is, they did not lie in the same 
plane. It was therefore impossible to 
grind off the reinforcement from this 
specimen without damaging the plates. 
There was very little reinforcement on 
this specimen, however, and the joint 
had something of the appearance of a 
double fillet weld, although the plates 
were not lapped, but merely slightly 
offset. 


* The certificate accompanied the presenta- 
tion of the original report but is not re- 
produced here because of space limitations— 
Ep. 
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Specimen 5, which consisted of all 
parent metal, broke at a tensile stress 
of 61,826 psi, indicating that the plate 
was sound. Specimens 4 and 6 
broke in the weld at 61 and 66 per 
cent, respectively, of the breaking 
strength of the plate in Specimen 5. 
Specimen 13 (offset) broke in the 
plate, not in the weld, at 95 per cent of 
the breaking strength of Specimen 5. 

The appearance of the broken cross 
sections of Specimens 4 and 6 was that 
of a “sandwich” composed of two outer 
layers of weld metal encasing an in- 
ner layer of slag. It was estimated by 
visual inspection that the three layers 
were approximately the thick- 
ness. Thus, about two thirds of the 
joint appeared to be weld metal, and 
one third slag. 

Prior to breaking, Specimens 4 and 
6 were etched on their edges. It was 
obvious from the pattern of the etch- 
ing that these plates had been given 
single groove edge preparation before 
welding, in accordance with standard 
welding practice. It was equally ob- 
vious from the sharp, straight line of 
demarcation between the welding metal 
and the parent metal, that welding 
techniques employed in constructing 
these joints had not produced any per- 
ceptible penetration. 


Conclusion 


In conclusion, the undersigned wish 
to express to the city of Tucumcari, 
and especially to City Manager Flem- 
ing, their appreciation of the hospitable, 
helpful, and wholly unprejudiced treat- 
ment accorded to the Society during 
the inspection. 

THe New Mexico Society oF PrRo- 
FESSIONAL ENGINEERS 
CHarces E. BARNHART, President 
Marvin C. May, Member 
D. R. W. Wacer-Smitu, Member 
ArTHUR P. BaILey, Associate 
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Discussion 


H. O. Hill 

Chairman, AWWA-AWS-NEWWA 
Committee on Elevated Tanks, Bethlehem, 
Pa. 

If the tank had been constructed 
in accordance with ,AWWA_ D100— 
48, Standard Specifications for Ele- 
vated Steel Water Tanks, Standpipes, 
and Reservoirs, the shell plate thick- 
ness in the lower course of the tank 
would have been 0.7 in. thick instead 
of 0.5 in. In addition, Specification 
D100 requires that the welding pro- 
cedure and the welding operators be 
qualified. This qualification, with 
proper supervision, would have elimi- 
nated the very faulty plate welding 
edge preparation. Also, the inspection 
requirements of the specifications re- 
quire the removal of test plugs from the 
welding ; such removal would have in- 
dicated that inadequate welding was be- 
ing performed. 


S. A. Greenberg 
Technical Secretary, American Welding 
Society, New York, N.Y. 


To this writer, the water tank fail- 
ure at Tucumeari, N.M., emphasizes 
the importance of our present standards 
for welding in water works construc- 
tion (and all other types) and the need 
for continued promotion of these stand- 
ards for use by competent engineers 
and inspectors. 

The immediate cause of tank failure, 
as reported in an investigation by the 
New Mexico Society of Professional 
Engineers, was the failure of a groove 


weld in a vertical seam in one of the 
bottom courses of the tank shell. Ex- 
amination showed that this weld was 
“a ‘sandwich’ composed of two outer 
layers of weld metal encasing an inner 
layer of slag,” the inner layer of slag 
being one third the total plate thick- 
ness. 

Had the standard specifications for 
steel tanks of the American Water 
Works Assn., the American Welding 
Soc., and the New England Water 
Works Assn. been followed, this weld 
would have been designed and made 
with 100 per cent penetration. The 
report of the New Mexico Society of 
Professional Engineers also indicates 
that plate edge preparation did not con- 
form to the standard specifications. 

Nothing is said concerning construc- 
tion practices used in erecting the tank. 
Although it is a matter of conjecture, 
it seems safe to presume that the re- 
quirements of the specifications for 
qualification of welders, welding pro- 
cedures, and removal of test plugs for 
inspection of weld quality were not fol- 
lowed. Conformity to these require- 
ments would have indicated the inade- 
quacy of the welding used, as did the 
tension tests made during the investi- 
gation after failure. 

Publication of the report on the Tu- 
cumceari incident in the JoURNAL, point- 
ing out the nonconformance to the spec- 
ifications, should emphasize the value of 
these specifications and prevent con- 
struction that may result in the re- 
currence of such an unfortunate, and 
avoidable, loss. 


Proportioning Cylindrical Reinforced Concrete 
Tanks for Minimum Steel Content 


By E. B. Meier 


A contribution to the Journal by E. B. Meier, Asst. Professor of Civ. 
Eng., Univ. of Nebraska, Lincoln, Neb. 


HE basic economic problem con- 

fronting the structural designer for 
many years has been to proportion a 
required structure for minimum money 
expenditure. With the current rise in 
military requirements for the metals 
used in construction, and with no fore- 
seeable reduction in defense allocations, 
it appears that the structural engineer 
may be confronted for a number of 
years with a second basic economic 
consideration—that of minimum use of 
critical steel. Such a policy may be- 
come a patriotic responsibility as the 
natural resources of the nation are used 
increasingly and at sustained high lev- 
els. These two economic considera- 
tions do not necessarily occur simul- 
taneously. 

One quantity use of steel is the rein- 
forcement of covered cylindrical con- 
crete tanks or basins. Ordinarily, the 
design of a cylindrical reinforced con- 
crete tank is the same whether the 
tank is aboveground, embedded, em- 
banked, or unembanked. The quanti- 
ties of concrete and steel required, then, 
are independent of the level of the sur- 
rounding earth. Thus, unembanked, 
aboveground cylindrical basins are 
ideal for investigating proper propor- 
tioning for economic use of money and 
materials. A further consideration in 
the economic design of cylindrical res- 
ervoirs is the possibility of using pre- 
stressed walls and dome rings. 
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Comparisons of prestressed and con- 
ventional designs are presented in this 
report in a range of volumes from 
200,000 to 6,000,000 gal, representing 
water storage capacities sufficient for 
population segments from approxi- 
mately 2,000 to 50,000 persons. 

For a given capacity, the volume of 
material in the walls of a cylindrical 
tank will vary approximately as the 
square root of the height of the tank. 
The volume of material in the base of 
such a structure, assuming constant 
floor thickness, will vary inversely with 
the height. The volume of material in 
the roof or cover, even for domes, will 
vary approximately inversely with the 
height. Obviously, for large heights 
the wall quantities will dominate, 
whereas for small heights the cover 
and base quantities will prevail. Thus, 
total tank cost, for a single capacity, 
will be influenced principally by wall 
costs when the diameter is small, and 
by dome and floor costs when the 
diameter is large. 

Cost comparisons were based upon 
unit costs prevailing during 1950-51. 
Total costs and cost ratios were com- 
puted by applying unit costs to wall, 
ring, cover, and base quantities, re- 
spectively. The floor thickness used 
in all computations was 6 in. 

For all designs, spherical domes and 
rings were compared with elliptical 
domes, and the method of cover which 
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required minimum quantities of con- 
crete and steel was used. On this basis, 
it was indicated that all capacities above 
2 to 3 mil gal should be covered with 
elliptical domes for conventional de- 
signs only. All other capacities for con- 
ventional and prestressed designs should 
employ spherical domes and rings. 


Unit Stresses 


Conventional designs with the fol- 
lowing stress values were investigated : 
f, (allowable unit working stress in 
steel )}—14,000 psi, f; (allowable unit 
tensile stress in concrete )—300 psi, 
and n (ratio of moduli of elasticity, 
steel to concrete )—10. 

Prestressed designs studied had the 
following stress values : f,—100,000 psi, 
(initial prestress in steel—tension ) 

-140,000 psi, (initial prestress 
in conerete—compression )—1,000 psi, 
and n—9. These stress values were 
used because the investigations of 
others (1) have shown that they per- 
mit practicable steel placement for large 
wall heights within the range of capaci- 
ties considered. 


Minimum Steel and Concrete 


Conventional and prestressed designs 
were investigated in 0.2-mil gal incre- 
ments to 1.0 mil gal, then in 1.0-mil gal 


increments to 6.0 milgal. For each 
of these capacities, concrete and steel 
quantities were determined for heights 
up to 52.5 ft in increments of 7.5 ft. 
These quantities were plotted against 
height of tank for each of the capaci- 
ties, and smooth curves were drawn 
through the points. Each of the curves 
revealed a minimum within the range 
of heights investigated. These mini- 
mum points provided the data for the 
curves in Fig. 1. 

Figure 1 shows that in order to ac- 
complish proportioning for minimum 
quantities of concrete when employing 
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"0 20 30 40 50 
Height — ft 
Proportioning for Minimum Use 
of Materials 
Each of the curves represents the height 
for various capacities that will use mini- 
mum amounts of steel or concrete, in ac- 
cordance with the following key: 
Steel-C—Minimum Steel, Conventional De- 
sign 
Concrete-C—Minimum Concrete, 
tional Design 
Steel-P—Minimum Steel, Prestressed Design 
Concrete-P—Minimum Concrete, Prestressed 
Design 


Fig. 1. 


Conven- 


conventional design, a relatively con- 
stant height ranging from 30 ft for the 
smaller capacities to 28 ft for the larger 
capacities should be used. There is a 
slight reduction in ideal height for 
minimum concrete volume in the larger 
capacities because wall quantities begin 
to predominate at lower heights at 
which the capacity increases as a result 
of wall thickening to accommodate the 
greater quantities of steel required. 
For given heights, diameters increase 
as the capacity is increased, thus ex- 
plaining the greater need for steel. 
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In proportioning for minimum steel, 
Fig. 1 indicates that ideal heights vary 
from 16 ft for the smallest capacity in- 
vestigated to 20 it for the 6.0-mil gal 
capacity. Figure 1 also shows that for 
prestressed designs, ideal proportion- 
ing for minimum quantities of concrete 
is achieved when heights ranging from 
approximately 29 ft for the smallest 
capacity to approximately 44 ft for the 
largest capacity are used. For mini- 
mum quantities of steel, however, 
heights of approximately 22.5 ft for 
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Fig. 2. Proportionate Saving of Materials 
in Prestressed Designs 

The concrete and steel used in prestressed 

design ts expressed, for tanks of various 

capacities, as a fraction of that used in 
conventional design. 


the smallest tanks to 45 ft for the 
largest tanks should be employed. 
The practical use of the curves in 
Fig. 1 merits attention. The con- 
tractor who bids reinforced concrete 
on unit costs which were not derived 
through separation of concrete and re- 
inforcing steel quantities will not pre- 
sent a bid which will be most advan- 
tageous to the owner, assuming the 
basin was proportioned for minimum 
steel. The second basic economic con- 
sideration, however—minimum use of 
critical steel—will be attained, as the 


B. MEIER 


Jour. AWWA 


steel actually used in the project dur- 
ing construction will be the minimum 
for that particular capacity. 


Quantity Comparison 

Using ideal proportioning for mini- 
mum quantities of concrete and steel, 
the ratios of the prestressed design 
quantities to the conventional design 
quantities were computed and _ plotted 
in Fig. 2. Expressed as a percentage, 
the prestressed design requires 78 per 
cent as much concrete for the small- 
est capacity as the conventional design, 
and 63.5 per cent as much for the larg- 
est capacity. There is a greater saving 
in steel, the amount required by pre- 
stressed designs ranging from 54 per 
cent as much in the smallest capacity to 
38 per cent as much in the largest. 


Cost Comparison 

Figure 3 compares costs of pre- 
stressed basins with conventional basins 
when ideal proportioning for minimum 
steel is used. The unit costs of the 
dome, base, conventional wall, and 
conventional ring are representative of 
average low-bid values for 1950-51. 
The range of unit costs for prestressed 
walls and rings adequately covers thé 
variations in these prices for the same 
period, 1950-51. If the unit cost of 
prestressed walls and rings is less than 
approximately 1.7 times the unit cost 
of conventional walls and rings, a defi- 
nite cost advantage can be realized us- 
ing prestressed design. As long as the 
ratios between the unit costs are ap- 
proximately the same as those used in 
Fig. 3, the percentage relations will re- 
main about the same, regardless of the 
numerical values of the unit prices used 
in such a comparison. 

Using minimum steel proportioning 
and unit costs, Fig. 4 was prepared 
for conventional design. This curve 
clearly indicates that after a capacity 
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of approximately 1.0 milgal is ex- 
ceeded, the cost per unit volume of 
cylindrical reinforced concrete tanks 
increases at a decreasing rate as the ca- 
pacity is increased. The variation 
ranges from $0.028 per gal for ca- 
pacities of 1.0 mil gal or less, to $0.033 
per gal for a capacity of 6.0 mil gal, an 
increase of almost 18 per cent. 
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Capacity — mil gal 
Fig. 3. Total Cost of Prestressed Tanks 
The total cost of prestressed tanks is ex- 
pressed as a proportion of the total cost 
of conventional tanks. Three different 
cost rates—$50, $125, and $200 per cu yd 
—are given for the cost of constructing 
prestressed walls and rings. Other costs 
per cuyd were considered stable: bases 
costing $35; domes, $75; and conventional 

walls and rings, $75. 


Conclusions 


1. Although minimum costs would 
probably be realized by proportioning 
for minimum concrete, the patriotic 
conservation of steel may be achieved 
by proportioning for minimum steel. 

2. The ideal heights of cylindrical re- 
inforced concrete tanks range between 
16 and 45 ft depending upon whether 
minimum concrete or minimum steel 
is desired, and whether conventional or 
prestressed design is employed. 
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3. For the range of capacities con- 
sidered, the prestressed design invari- 
ably yielded savings in quantities of 
concrete, ranging from 22 per cent in 
the smallest capacity to 36.5 per cent in 
the largest capacity ; and in steel, vary- 
ing between 46 per cent less in the 
smallest capacity to 62 per cent less in 
the largest capacity. 

4. For volumes up to approximately 
1.0 mil gal, the cost per gallon of ca- 
pacity remains constant. For con- 
ventional designs, the cost per gallon 
then increases rapidly between 1.0 and 
3.0 mil gal and increases diminishingly 
to 6.0 mil gal. The increase in cost per 
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Fig. 4. Increase in Unit Cost of Conven- 
tional Tanks With Size 
Conventional tanks, if proportioned for 
minimum use of steel, increase in cost per 
unit of capacity as the capacity increases. 
IValls, rings and domes were computed at 
$75 per cu yd; bases at $35. 


gallon between 0.2 and 6.0 mil gal is 
approximately 18 per cent. 
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V. R. Kneer 
Engr., Alvord, Burdick, & Howson, 


Chicago, Ill. 


The author’s basic conclusion that 
the ideal wall height ranges between 
16 and 20 ft confirms the writer’s long- 
standing opinion. This range also ap- 
plies to square or rectangular basins. 
Most of the writer’s designs range 
from 15 to 20 ft unless variations are 
dictated by other considerations. 

If savings are considered solely from 
the standpoint of concrete quantities, 
higher wall heights—up to 44 ft—could 
result in economy, as concluded by the 
author. Unit cost for erecting form- 
work and placing concrete will increase 
considerably, however, with wall 
heights of more than 20 ft. 

The author selected an unembanked, 
aboveground cylindrical tank for the 
analysis. It has been the writer’s ex- 
perience that it is good economy to pro- 
tect concrete reservoirs from the ele- 
ments and from extreme temperature 
ranges with earth embankment, both 


top and sides. If that procedure is fol- 
lowed, unit excavation and backfill 
costs will also increase with increased 
wall heights. This is especially true if 
the tank bottoms must be placed be- 
low the water table. When in opera- 
tion, the shallower tanks have the ad- 
vantage of lower pressure ranges. 

The writer feels that more time and 
more experience with prestressed tank 
designs are necessary to determine 
whether the material savings justify 
the loss in safety factor. 

The author’s fourth conclusion—that 
the cost per gallon increases with size 
for volumes between 1 and 6 mil gal— 
may be misleading. With the author’s 
assumptions, this conclusion would 
prevail if quantities, again, were the 
only cost consideration. Usually there 
are other considerations which upset 
this conclusion. The writer has found, 
on contracts let over a period of more 
than 30 years for both circular and rec- 
tangular reservoirs ranging in size 
from 0.5 to 30 mil gal, that the larger 
the job, the lower the cost per gallon. 
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Remote Controls to Eliminate Surge and Water 
Hammer in Water Systems 


By John S. Shute 


A paper presented on May 18, 1951, at the Pacific Northwest Section 
Meeting, Vancouver, B.C., by John S. Shute, Columbia Water Co., 


Washougal, Wash. 


HE public water supply of the city 

of Washougal, Wash., is provided 
by the Columbia Water Co. Like all 
water utilities, regardless of type of 
ownership, size of system, or kind of 
service rendered, this company has 
found it increasingly difficult to con- 
tinue performing its function of pro- 
viding water day and night, winter and 
summer, at rates which have lagged 
behind the prices of other commodities. 
One of the steps the company has 
taken is the elimination of all expenses 
which, by any reasonable standard, 
could be considered unnecessary. And 
a second, which has been aimed pri- 
marily at overcoming many trouble- 
some and, at times, serious interrup- 
tions of service, has been the installa- 
tion of automatic, synchronous alarm 
and surge controls at the pumping 
stations. 

The capacity of the Washougal wa- 
ter system exceeds 5 mgd. The water 
is supplied by five deep well turbine 
pumps, three located at Station No. 1 
and the other two at Station No. 2, 
three miles away. Maximum size of 
mains is 12 in., and customer services 
are connected to all mains up to a point 
within a few hundred feet of each 
pumping station. 

In establishing the control system, 
several types of pump controls were 
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used, but none of them was very suc- 
cessful. Float switches, pressure gages, 
and other similar types of controls 
proved to be inaccurate or otherwise 
troublesome under certain conditions, 
either flooding or emptying the tank. 
Special difficulty was encountered 
when power failed with two or more 
pumps in operation. If, when power 
was restored, an attendant were not 
present to disconnect the additional 
pump or pumps that had been in op- 
eration, more than one would attempt to 
start. Under such conditions, unless 
there is excess capacity in the trans- 
former bank, another power failure 
will result. Additional difficulties with 
the first types of controls used were the 
lack of protection against backspin and 
the absence of any signal or alarm to 
give warning if any of the pumps failed 
to start. 


Operational Improvements 


To improve these conditions, a pipe- 
line was installed from the riser of the 
elevated tank and connected to a mer- 
cury column in the control room. In 
the column, contact rods were inserted 
in place of the pressure switches, float 
switches, and other such equipment. 
These contacts operate synchronous, 
motor-driven relays, one being used 
for each pump. The control can be 
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adjusted for any desired water eleva- 
tion, with the “all off” position only 
3 in. from the overflow of the tank. 
This arrangement provides for maxi- 
mum use of the tank. 

The synchronous relays have sev- 
eral special features. If two or three 
pumps are operating when a power 
failure develops, all pumps will drop 
off the line with the first momentary 
failure. When power is restored, the 
first pump will not return to the line 
for 4 min., this lapse giving the power 
company’s oil switches ample time to 
restore power or to lock out. After 
the first pump is in operation, the sec- 
ond one will start within a predeter- 
mined interval. Ifa third relay is re- 
quired, that pump will start operating 
in the same manner. Inasmuch as it 
is impossible for any two pumps to 
start simultaneously, these relays pro- 
vide complete protection against catch- 
ing the pumps in a backspin. 

Mercury columns have been used 
previously in many different ways. 
Their application in Washougal in con- 
junction with the motor-driven relays, 
however, is an example of their versa- 
tility in providing flexible operation. 
As part of the synchronous relay sys- 
tem, an alarm was installed to signal 
the shop and office, as well as the city 
fire station, if one of the pump con- 
trols indicated a low water level, and 
the pump did not start. Such a con- 
dition may arise when a holding coil 
burns out or a fuse blows. 


Station 2 Development 


Pumping Station No. 2 was devel- 
oped to maintain pressure at the ex- 
treme end of the system. The mains 
were installed, the pumps were set, 
and two pressure switches were con- 
nected to the same type of synchronous 
control used at Station No. 1. One 
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of these switches was to start the pump 
at the lower pressure; the other was 
to stop it at a predetermined high pres- 
sure. The switches were used in con- 
junction with the synchronous motor 
relays and valves that were expected 
to help relieve surge and vacuum. 
When the pump was at a starting pres- 
sure of 58 psi, the surge carried the 
pressure to 125-130 psi in the mains 
and then settled down to a 61-psi 
pumping pressure. The same surge 
developed when either of the pumps 
stopped. Fortunately, there were no 
breaks in the mains. 

Other difficulties were created by ir- 
regular use of the pumps at the new 
station. Silt or dark water developed 
in the well and pump column when 
the pump was idle. Then this was 
pumped into the system with the first 
inrush of water as the pump started. 
Also, air from the pump column en- 
tered the main, creating enough air 
pressure in the piping of homes near 
the station to knock drinking glasses 
out of customers’ hands when they 
opened their faucets. 


Motor-Operated Valve 


To correct these various troubles, a 
motor-operated valve actuated by the 
synchronous motor-driven relay was 
installed. Figure 1 shows the surge 
before and after the installation of the 
synchronous motor control and valve. 
The same basic pump control used to 
prevent more than one pump from start- 
ing at a time was used, but some addi- 
tional features were included. When 
the control receives a call for water, in- 
stead of starting the pump, it opens a 
motor-operated bypass valve on a tee 
inserted between the pump and the 
main-line check valve. When this valve 
opens, the pump starts, but the valve is 
adjusted to allow only the amount of 
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water to pass through it that is normally 
pumped into the mains. By this pro- 
cedure all excess surging of the well is 
eliminated. Discharge of the first in- 
rush of water to waste rather than to 
the mains clears all the silt, light sand, 
and discolored water which are always 
found in the pump column if the pump 
has remained inoperative for any length 
of time. It also expels all air from the 
pump column. The motor-operated 
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Pig. 1. Surge Elimination 
The broken line indicates pressure without 
the synchronous motor control and surge 
valve, and the solid line shows the pres- 
sure after the control was installed. 


valve then slowly closes again, operated 
by the synchronous, motor-driven relay. 
With the closing of the bypass, the 
main-line check valve gradually opens 
and permits the full amount of water to 
be pumped into the mains without surge. 
Using this procedure, when the pump 
started, trouble from surge, discolored 
water and silt from the well, and air in 
the pump column was eliminated. 
Started in this way, the pump con- 
tinues to run until stopped by the con- 
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trols. Then the operation reverses it- 
self. The motor-operated bypass valve 
opens slowly and discharges the water 
outside the pump building until the 
normal pipeline pressure is reached. 
While the motor-operated valve is 
slowly opening, the main-line check 
valve is slowly closing. A few sec- 
onds after the motor-operated valve is 
completely open, the pump stops. In 
this operation, the starting surge is re- 
duced from 80 psi to 5 psi, and the cor- 
responding vacuum, or surge, at stop- 
ping is practically eliminated. Also, 
the pressures are checked without use 
of suppressors on any of the gages. 

As a final stage, to ascertain that 
there is no opening to the wells when 
the pumps are not running, the syn- 
chronous control comes into operation 
and closes the motor-operated bypass 
valve, thus preventing any foreign sub- 
stance from entering the wells. 


Tank-Level Gage 


It was considered of vital interest 
to be able at all times to determine the 
exact water level in the tank without 
making a trip to check it. The diffi- 
culty encountered in using the custo- 
mary equipment for determining the 
elevation of water by reading the 
pressure gage at the office was that, 
if water demand increased, the gage 
would give a false reading because 
of the difference of flow in the mains. 
To overcome this, a tank water level 
signal and indicator was_ installed. 
Figure 2 shows the panel for the syn- 
chronous motor surge control including 
the tank-level indicator. This signal 
transmits an electric impulse over a 
leased telephone circuit which connects 
Pumping Stations No. 1 and No. 2, the 
office, the shop, and the city fire station. 
At each of these locations, an indicator 
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Fig. 2. Panel for Synchronous Motor Surge Control 
The large gage at the top is the tank-level indicator which shows the water level in 
tank 3 miles from pumping station. Below this gage is the synchronous motor control. 
At the lower right is a recording meter which shows pressure when pumps are 
x standing or operating. 
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which, at a glance, gives the exact water 
level in the tank, measured in feet, to an 
accuracy of 0.25 ft, is installed. This 
signal and indicator is controlled en- 
tirely by the water level in the tank, 
without regard to flow conditions in 
the mains. There are no special elec- 
tronic circuits, standard equipment be- 
ing used throughout the water level con- 
trol system. 

To insure the accurate operation of 
this system, it is constructed so that, 
if any of its working parts or the trans- 
mission line fails, or if any kind of 
electrical trouble is experienced, an 
alarm is imediately sounded at the of- 
fice and the city fire station. This 
alarm is most important, for, without 
it, the control circuit could be out of 
order for hours, or even days, before 
the trouble would be detected. 


Pump Operation Signal 


One improvement led to another. 
With the necessity for making trips to 
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the tank virtually eliminated, it ap- 
peared desirable, too, to cut down on 
the visits to pumping stations. To ac- 
complish this, a so-called “telltale” sys- 
tem, which also operates on a tele- 
phone circuit, was developed and 
installed. By dialing an unlisted num- 
ber assigned to the circuit, the opera- 
tor receives a signal from the auto- 
matic equipment in the pumping sta- 
tion indicating which pumps are 
running. This information is invalu- 
able, as it enables a check of the pump- 
ing stations any time of the day or 
night without a trip to them. 
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Installation Experience With Pressure Pipe, 
Joints, and Linings 


By Ray A. Jackson 


A paper presented on Nov. 1, 1951, at the Chesapeake Section Meeting, 
Baltimore, Md., by Ray A. Jackson, Asst. Engr., Washington Suburban 
Sanitary Commission, Hyattsville, Md. 


N the Washington Suburban Sani- 

tary Dist., water mains are laid to 
grade. Plans for water mains include 
profiles showing, to tenths of a foot, 
the ground line and elevations of the 
invert of the main. These measure- 
ments are shown at intervals of 50 ft 
or less, and also at fittings and valves. 
Offset grade stakes are set at these 
stations by a line-and-grade party, 
and the foreman or the contractor is 
furnished with a cut sheet to guide the 
laying of the main. Each pipe is 
graded with a rod, and aligned in the 
trench as carefully as possible by eye. 
A minimum cover of 3} ft is provided. 
Earth trenches at all points below the 
top of the pipe are required to be not 
wider in the clear, on each side of the 
outside barrel of the pipe, than the fol- 
lowing: 8 in. for diameters to and in- 
cluding 16 in., 10 in. for 18- and 20-in. 
diameter pipe, 12 in. for 24- and 30-in. 
diameter pipe, 15 in. for 36- and 42- 
in. diameter pipe, and 18 in. for 48- 
in. diameter pipe and larger. 

The entire interior surface of the 
pipe is swabbed with a solution of chlo- 
ride of lime in the proportion of 3 oz 
per gal of water, before the pipe is 
lowered into the trench. 

Two alternate methods of refill are 
provided by new specifications adopted 
in late August 1951. In paved streets, 
all refill must be consolidated by me- 


chanical tamping in 6-in. layers. In 
other than paved streets, the refill may 
be consolidated by tamping, or by 
puddling, with the top 2 ft being me- 
chanically tamped in 6-in. layers. Pud- 
dling only is required in a right of 
way. With asbestos-cement pipe the 
bottom 2 ft must always be tamped in 
4-in. layers. 


Types of Pipe 

Six types of pipe have been used in 
water main construction. In the early 
days of the commission, pit-cast iron 
pipe was used for water mains. Cen- 
trifugally cast-iron pipe processes are 
now used exclusively. Reinforced con- 
crete, steel, and asbestos-cement pipe 
have also been used. Shortly after the 
commission was organized, it purchased 
one of the local water systems contain- 
ing about 38,600 ft of wood-stave pipe 
wrapped with wire. The diameter of 
the pipe varied from 2 to 16 in. Ap- 
proximately 1,500 ft of wood-stave pipe 
was also purchased and laid by the 
commission in a low-pressure line. At 
present, the wood-stave lines are giving 
considerable trouble owing to the de- 
terioration of the wire wrappings ; these 
mains are being replaced with cast-iron 
as rapidly as possible. 

The Washington Suburban Sani- 
tary Commission was one of the pio- 
neers in the use of centrifugally cast 
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pipe. At first, trouble was experienced 
in cutting the pipe. Saw-toothed cuts 
and longitudinal cracks developed. Af- 
ter the mains were placed in service, 
circumferential and longitudinal breaks 
frequently occurred. These breaks 
and faulty cuts were caused by poor 
annealing. Foundry inspections and 
consultations with metallurgists indi- 
cated that there was too long a period 
—and therefore too much cooling- 
between the time the pipe was spun 
and the time it was annealed. The 
annealing procedure has been greatly 
improved and has presented no further 
difficulties. 


Jointing Compounds 

For cast-iron bell-and-spigot pipe, 
lead and various brands of sulfur joint- 
ing compounds with braided hemp 
or rubber packing have been used. A 
joint in which a wedge-shaped or 
round rubber ring is used in place of 


the braided hemp was tried experi- 


mentally. It satisfactory on 
straight runs but the round rings es- 
pecially had a tendency to kick out 
when the pipe was crimped to make a 
short radius curve. Although the rub- 
ber ring packing is more sanitary than 
the braided hemp, it is not used be- 
cause it is not as satisfactory in its in- 
stallation. The commission chlorinates 
all of its mains before use and obtains 
samples for bacteriological tests. The 
mains are not put into service until the 
test indicates that the water in the mains 
is of satisfactory quality. During hot 
weather, rechlorination of the main 
is occasionally necessary. Generally, 
however, the tests are satisfactory after 
the first chlorination. 

Lead was originally used for bell- 
and-spigot joints, but at present sulfur 
jointing compounds are used in all ex- 
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cept special circumstances, such as 
stream crossings, where lead is used 
because of its ability to be recalked if 
leaks develop. One disadvantage of 
sulfur jointing compounds is their in- 
ability to be used if overheated. Lead, 
on the other hand, only oxidizes if 
overheated, and can be skimmed and 
used. The high cost of the lead joint, 
however, compared with that of the 
sulfur joint, has resulted in the adop- 
tion of the latter. The present cost of 
lead by weight is approximately three 
times that of the sulfur jointing com- 
pound used by the commission. In ad- 
dition, it takes approximately four 
times the weight of lead as sulfur 
jointing compound to make the aver- 
age joint. Also, it is more costly to 
calk the lead joint than it is to pour 
the sulfur jointing compound. The 
commission has been using sulfur 
jointing compounds for almost 30 
years, and no trouble has developed 
from sulfur bacteria. 

Except on large supply lines, the 
commission does not require special 
leakage tests on its new water mains. 
The mains are charged at the local 
pressure at the time of chlorination 
and are then visually observed for 
leakage. 

In 1936, a cast-iron line jointed with 
sulfur-base compound and consisting of 
3,900 ft of 12-in., 5,000 ft of 14-in., 
and 11,300 ft of 20-in. pipe was laid. 
The line was tested at pressures be- 
tween 90 and 120 psi, with a specified 
allowable leakage of 80 gpd per in. of 
diameter per mile. Tests were made 
at various times for a period of three 
months. The leakage was originally 
about fifteen times the permissible 
limit, but after several leaks were re- 
paired and the joints “took up,” it 
dropped to about three times the limit. 


news 


i 
| 


454 RAY A. JACKSON 


At this stage it was necessary to dis- 
continue the tests because of the nec- 
essity to place the lines in service. 

Also in 1936, approximately 13,900 
ft of 12-in., cast-iron main were laid. 
It was specified that this main was to 
be tested at line pressure, with an al- 
lowable leakage of 80 gpd per in. of 
diameter per mile. Inasmuch as a con- 
necting line had not been completed, 
this line could not be tested for ap- 
proximately two months after comple- 
tion, but water was pumped into the line 
and allowed to remain there for that 
time. When water was available for 
testing, leakage tests were made on the 
line during a 53-day period. For the 
first 29 days, the leakage varied between 
43 and 56 gpd per in. of diameter per 
mile. A leaky air valve was repaired 
and the leakage dropped to between 28 
and 33 gpd per in. of diameter per mile 
for the remainder of the time (or about 
37 per cent of the limit). It is evident 
that by the time the tests were made, 
the joints had already “taken up.” 

The same year, a line consisting of 
approximately 7,400 ft of 16-in. and 
300 ft of 12-in. pipe was laid. The al- 
lowable leakage was only 50 gpd per 
in. of diameter per mile at a pressure 
of 115 psi. When the first test was 
made on July 7, 1936, the leakage was 
388 gpd per in. of diameter per mile. 
It dropped rapidly until, on July 15, it 
was only 142 gpd per in. of diameter 
per mile. Tests were then discontinued 
until the middle of September, when 
readings showed the leakage to be only 
32 gpd per in. of diameter per mile, 
well within the allowable 50 gpd. 

In 1939 approximately 7,100 ft of 
20-in. and 500 ft of 24-in. pipe were 
laid and tested at 90 psi with an allow- 
able leakage of 100 gpd per in. of diam- 
eter per mile. The first test was made 
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May 12, 1939, showing a leakage of 225 
gpd per in. of diameter per mile. This 
amount decreased until, at the time of 
the last test on June 6, it was only 50 
gpd per in. of diameter per mile, or 
half of the limit. 

Thus, it appears that joints made 
with sulfur-base compounds usually 
have very high initial leakage that de- 
creases in a parabolic curve, and prac- 
tically levels off in from two to six 
months. 

An unusual failure of some new 
joints is worth recording. A few days 
after the mains were chlorinated and 
placed in service, leaks occurred all 
along the line. When the joints were 
dug up, it was found that many of 
them had pushed out. A _ pressure- 
recording gage was placed on the line, 
and pressures double the line pressure 
were recorded. Investigation finally 
disclosed that the automatic closing of 
cone valves at a pumping station was 
causing water hammer. Hand opera- 
tion of the cone valves was started, the 
water hammer ceased, and no further 
leaks developed. These valves are still 
operated manually under normal con- 
ditions, but in an emergency their op- 
eration is automatic. 


Mechanical Joints 


In June 1950, after discussions with 
other cities—notably Richmond, Va.— 
the use of mechanical-joint pipe was 
begun. The pipe is built to the speci- 
fications of the Cast Iron Pipe Re- 
search Assn., as revised in 1950. The 
gaskets are of rubber, either natural 
or synthetic, with a duck back and 
lead tips. The cast-iron bolts are heat 
treated and have tee-heads with hex- 
agonal nuts. Both bolts and nuts are 
coated with a rustproofing compound 
after threading or tapping. The pipe 
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was first installed by one of the com- 
mission’s pipe gangs. On the first few 
lines every joint was left uncovered 
and inspected for leakage after the 
line was charged. All joints were 
found to be completely dry. The pipe 
is now used extensively on contract 
work and is favored by both the com- 
mission and contractors. 

On all water main projects except 
large supply lines, the commission fur- 
nishes the pipe. With cast-iron bell- 
and-spigot pipe, the contractor fur- 
nishes the jointing material, whereas 
with mechanical-joint pipe the joint 
accessories are bought with the pipe. 
The cost of the pipe is therefore 10 to 
12 per cent greater than that of beil- 
and-spigot pipe, but this differential is 
partially offset by the fact that the bid 
prices for laying mechanical-joint pipe 
are almost 10 per cent lower. Against 
the slight additional expense of the 
mechanical-joint pipe may be weighed 
the advantages of very low leakage, 
more sanitary joints, and more flexible 
joints, which decrease the possibility 
of breaks caused by uneven soil settle- 
ment. The mechanical-joint pipe was 
proved more sanitary in the summer 
of 1951, during which there were less 
rechlorinations than in any previous 
summer despite a large volume of 
work. During this period, the major- 
ity of the pipe laid was of cast iron with 
mechanical joints. In addition, as there 
are no joints to pour but only bolts to 
tighten, mechanical-joint pipe is much 
easier to handle in wet ditches than is 
bell-and-spigot. 

The following procedure is required 
in making mechanical joints: 


1. Wet and clean the inside of the 
pipe ends with clean, fresh soapy water. 
2. Slip the gland on the spigot end of 
the pipe with the lip extension of the 
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gland toward the joint. Slip the gas- 
ket on the pipe with its thick edge to- 
ward the gland. 

3. Wet the gasket thoroughly with 
soapy water and push the spigot end 
to its seat in the bell. 

4. Press the gasket into place with- 
in the bell, being sure that it is evenly 
seated around the joint. 

5. Move the gland into position for 
bolting, insert the bolts, and tighten 
up the nuts finger tight, making sure 
that the gland does not ride the pipe 
at any point. 

6. Using a torque wrench set be- 
tween 50 and 60 Ib, tighten the bolts 
180 degrees apart in order to bring up 
the gland evenly all around. 

Pipe Coating and Lining 

Two contracts under which approx- 
imately 18,200 ft of 36-in. diameter and 
34,200 ft of 42-in. diameter steel pipe 
were laid, chiefly across country, from 
the Patuxent Filtration Plant to the 
Wheaton standpipe have just been com- 
pleted for the commission. The ex- 
terior of this pipe was given a ;y- to 
4-in. coating of coal-tar enamel be- 
fore shipping. Afterwards, a coating 
of whitewash was applied. The wall 
thicknesses of the pipe varied between 
ve and 4 in. When the pipe was dis- 
tributed along the right of way, it was 
not allowed to rest on the ground, but 
was supported and wedged on wood 
blocks. Before the pipe was laid, sam- 
ples of the soil were obtained at ap- 
proximately 400-ft intervals along the 
line and tested for specific acidity and 
pH in the commission’s laboratories. 
In a few samples, a pH value below 5 
was found. Retests were made at 
closer intervals in these areas, and no 
badly corrosive soil was found. If 
corrosive soil had been found, sufficient 
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lime would have been placed in the 
backfill to raise the pH to a noncorro- 
sive value. 

Just before being lowered into the 
trench, the pipe was given a spark test 
that detects the smallest pinhole in the 
coating. A few rather large pieces of 
the coating cracked off the pipe while 
it was lying along the right of way, 
probably as a result of sudden changes 
in temperature, rough handling, and 
defects in the coating. The holes were 
patched with bituminous enamel. <A 
special wide sling was used by the 
crane for lowering the pipe into the 
ditch. Dresser couplings were used to 
inake the pipe joints. 

After being placed on the pipe, the 
coupling, which had been primed at 
the factory, was given a bituminous- 
enamel coating. A semicircular pan 
was placed under and around the bot- 
tom of the pipe and the enamel poured 
over the coupling in such a manner as 
to cover the top half completely and 
submerge the bottom half of the cou- 
pling in the enamel caught in the pan. 
The excess enamel in the pan was then 
drained off and returned to the heat- 
ing kettle. 

After the pipe had been laid and 
backfilled, a complete inspection of the 
interior of the entire line was made. 
A few dents that were found in the 
pipe were hammered out, and the pipe 
was uncovered to check the condition 
of the coating, which was, however, 
undamaged. The dents are believed 
to have been caused by clods of frozen 
earth which were inadvertently left 
under the pipe. 

The pipe was then tested for leak- 
age. The allowable leakage was 100 
gpd per in. of diameter per mile. The 
required test pressures varied between 
120 and 140 psi at the gage, with a 
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maximum of 200 psi in some of the 
deep valleys the line crossed. The 
first test required that the line meet 
the allowable leakage for 3 hr. 

The specifications allowed, and one 
of the two contractors on the job used, 
sulfur jointing compounds on the cast- 
iron valves and fittings. The other 
contractor went to the additional origi- 
nal expense of using lead. The first 
leakage test was applied shortly after 
the line had been laid. The sulfur 
jointing compound leaked badly and 
many joints had to be cut out and re- 
poured with lead before a satisfactory 
test could be obtained. The lead joints 
gave no trouble. It appears to be bad 
policy to put high pressure on newly 
laid lines on which sulfur jointing com- 
pounds have been used. 

After this preliminary test was sat- 
isfactorily completed, the line was 
drained, cleaned with wire brushes 
and coarse burlap, and lined with a 
cement coating. A lining between ;'; 
and } in. thick was applied by a cen- 
trifugal process. The entire line was 
inspected after lining, and some test 
sections were cut out to check the 
thickness and quality of the interior. 
As soon as practicable, and within 48 
hr after the lining was placed, water 
was introduced to allow curing. <A 
minimum of fourteen days was allowed 
for curing except on the last section of 
the line, which, because of a large sea- 
sonal water demand, was needed for 
service as soon as possible. On the as- 
surance of the lining firm that the lining 
would be satisfactory, only three days 
were allowed for curing this portion of 
the pipe. 

The final 24-hr leakage tests were 
then made, and both lines passed 
easily. On the line jointed with sulfur- 
base compound, the leakage was 62.4 
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per cent of the permissible limit; on 
the line jointed with lead, it was 35.4 
per cent of that permissible. 

The commission had laid a large 
amount of steel and cast-iron pipe 
with bituminous-enamel lining. In 
1939, 8,300 it of 30-in. steel pipe were 
laid with both bituminous lining and 
coating. The pipe was cleaned thor- 
oughly and then washed with high-test 
gasoline to remove any grease or oil. 
A coal-tar-base bituminous primer was 
then brushed on. From 24 to 144 
hr later the bituminous enamel lining 
was installed. It was applied by a 
centrifugal process, and a thickness of 
in. was required. The pipe 
was also spark-tested. The lining was 
satisfactory except for a few blisters 
that developed, mostly at the ends of 
the pipe sections. It was found that if 
bituminous-lined, cast-iron pipe were 
not used shortly after lining, the lin- 
ing had a tendency to peel. Once in 
the ground the bituminous lining ap- 
pears to be satisfactory; plugs from 
taps made on mains fifteen years old 
show the lining to be in good condi- 
tion. Inasmuch as pipe must often lay 
in the commission’s yard for some time 
before use, however, the policy of buy- 
ing all cast-iron pipe 12 in. and larger 
in diameter cement lined has been 
adopted. On cast-iron pipe less than 12 
in. in diameter, coal-tar-pitch varnish 
with oil added is specified, and is ap- 
plied in accordance with Specification 


AWWA C204 (1). 
Concrete Pipe 


In 1943 the commission built a 30- 
in. water supply line 48,900-ft long of 
steel cylinder, prestressed concrete pipe 
with bell-and-spigot joints. Specific 
acidity and pH tests were made on the 
soil in the same maner as on the steel 
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lines. The pipe manufacturer set up a 
plant near the work and poured the pipe 
for this line and also shipped additional 
pipe to several other jobs within a 
radius of approximately 200 miles. 
The line was tested in sections at pres- 
sures ranging from 150 to 200 psi. The 
allowable leakage was the same as on 
the steel lines, 100 gpd per in. of diam- 
eter per mile. After repairing minor 
defects, the average leakage of the line 
was 60 per cent of the permissible limit. 

In 1951 a 20-in. tap was made in 
this line while it was under pressure. 
Briefly, the major steps in making this 
tap required: installing the split tap- 
ping sleeve on the pipe, chipping off 
the exterior concrete within the sleeve 
opening, cutting the exposed prestress- 
ing wires, installing the valve, and set- 
ting up the tapping machine and mak- 
ing the tap. It took a total of three 
days to complete these operations. <A 
representative of both the pipe manu- 
facturer and the tapping sleeve and 
valve manufacturer supervised the 
work. Making such a large tap into a 
concrete line under pressure is per- 
fectly feasible, but, like all large taps, 
it is very expensive. 


Asbestos-Cement Pipe 


The commission first used asbestos- 
cement pipe in 1941, when approxi- 
mately 1,000 ft of 8-in. pipe were laid 
on one job by one of the commission’s 
gangs. This pipe had a Dresser type 
coupling. The line has been entirely 
satisfactory except for some’ initial 
trouble in tapping that can be attrib- 
uted to inexperience. 

In the fall and winter of 1950 the 
commission laid about 16,000 ft of 6-in. 
and 8-in, asbestos-cement pipe using a 
sleeve type joint with rubber gaskets. 
Considerable trouble from leaks was 
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experienced both at the joints and in 
the pipe, which tended to break cir- 
cumferentially. The mains were in- 
stalled in new subdivisions under se- 
vere winter conditions. At this time 
of year the backfilled trenches become, 
and remain, thoroughly water-satu- 
rated, and the unpaved street surfaces 
are, in general, a sea of mud. Shortly 
after being laid, the mains were sub- 
jected to unusually heavy loading as ma- 
terial trucks, large bulldozers, and pans 
sank into and sometimes became stuck 
in the muddy trenches. Combina- 
tions of these conditions plus inexperi- 
ence in laying the asbestos-cement pipe 
probably caused most of the trouble. 
The commission now installs asbes- 
tos-cement pipe only from the middle 
ot May until the middle of November, 
and uses specifications that do not per- 
mit the pipe to be laid on wood blocks 
or earth pads. The pipe is laid di- 
rectly on the trench bottom (or on 
compacted gravel refill if the trench 
bottom is very wet or otherwise un- 
satisfactory), and holes are dug at the 
joints to obtain proper clearance and 
iacilitate the coupling installation. 
After the coupling is installed, a feeler 
gage is used to determine that the 
gaskets are in their proper position. 
As mentioned previously, the first 
2 ft of the ditch in which the asbestos- 
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cement pipe is laid are required to be 
tamped in 4-in. layers. Another very 
important requirement, not specified 
on the previous installations and in- 
tended to eliminate some circumfer- 
ential breaks, is that short lengths— 
between 2 ft 2 in. and 4 ft 4 in—of 
asbestos-cement pipe be used as con- 
nections to cast-iron fittings. This 
measure provides flexibility if the heav- 
ier cast iron settles. It is believed that 
the current method of installation will 
prove satisfactory. |Asbestos-cement 
pipe has important advantages of econ- 
omy, light weight, simple joints, and 
high resistance to corrosion. 
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The author has provided a valuable record of the experiences of the Wash- 
ington Suburban Sanitary Commission in the installation of various types of 


pressure pipe. 
one utility in one location. 


It should be noted that the record covers the conditions met by 
These conditions and results may differ from those 


of other utilities or in other locations —Ep. 
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Coagulation With Ferrous Sulfate 
By J. S. Gettrust 


A contribution to the Journal by 


S. Gettrust, Supt., Water Purifi- 


cation and Pumping, and C, O. Hostetter, Chemist, Akron Water 


Works, Kent, Ohio. 


sulfate is the end prod- 

uct the reaction between iron 
and sulfuric acid. The salt is soluble 
in water and, when crystallized and 
dried, has a greenish color. In this 
commercial state it is commonly called 
copperas. 

Sefore iron is fashioned into final 
manufactured products, the stock must 
be cleaned. It is common practice to 
clean the stock of scale and rust by 
dipping it in hot sulfuric acid. In 
time, the acid becomes exhausted and 
the resulting ferrous iron solution is 
discarded. This expended pickling 
liquor is the basis of commercial fer- 
rous sulfate. 

There are two methods by which 
ferrous sulfate can be used as a water 
coagulant. The first is the old lime 
and iron process that has been in use 
many years but is gradually losing 


of 


ground to other coagulants, mostly be- 
cause of its inability to coagulate colored 
waters. In this method the ferrous sul- 
fate is changed to ferrous hydroxide by 
the addition of lime and then the fer- 
rous hydroxide is oxidized to ferric 
hydroxide by the natural oxygen in the 
water. 

The second method utilizes chlorine 
to oxidize ferrous sulfate to ferric sul- 
fate. Ferric chloride is formed in the 
reaction. The resulting ferric com- 
pounds, called chlorinated copperas, 
are then added to the water to be 
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coagulated. These iron compounds re- 
act with the natural bicarbonates to 
form the hydrates. This reaction is 
similar to that of aluminum sulfate. 

The author’s plant uses the raw ex- 
pended liquor from a steel mill. A 
contractor transports the acid solu- 
tion in a wooden tank truck to the 
filter plant where a wooden tank has 
been provided for storage. The pick 
ling liquor is measured by a flowmeter 
and is injected into the chlorinator dis 
charge hose through a hard rubber 
injector. The oxidizing reaction takes 
place in a 50-ft coil of 3-in. rubber hose 
before the solution is applied to the 
raw water. Theoretically, 1 Ib of chlo- 
rine will oxidize 7.8 lb of ferrous sul- 
fate. In practice, however, 20 Ib of 
chlorine per mgd is fed with every 17 
ppm of iron dose, or approximately 
1 lb per 7.2 Ib of iron. 

The amount of ferrous sulfate avail- 
able does not permit its exclusive use. 
The 
The remainder of the required coagu- 
lant dose is made up with alum. The 
two coagulants work well together- 
in fact there are times when the com 
lination of the two works better than 
either one alone. 

Plant results are practically the same 
for each coagulant but the cost for iron 
is considerably less than that for alum. 
At 1950 prices, a ton of alum costs 
$35.90 and a ton of chlorinated cop- 


average iron dose is about 9 ppm. 
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peras, $18.20 ($9.75 for iron and $8.45 
for chlorine). Unit costs were $0.08 
per ppm of chlorinated copperas and 
$0.16 for alum. The savings in 1950 
were $10,465 and the total saving from 
inception of this method in 1935 was 
estimated at $120,000. 

The pickling liquor as received con- 
tains approximately | to 2 per cent 
free sulfuric acid and has an average 
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concentration of 3.5 lb of ferrous sul- 
fate per gal. Extra quantities of lime 
must be added after coagulation to 
compensate for the pH _ reduction. 
The author feels, however, that the 
initial pH reduction aids coagulation 
so that smaller doses can be utilized 
to coagulate the water properly. The 
cost of the added lime dose is there- 
fore offset by decreased alum doses. 


Discussion 


Wendell R. LaDue 


Supt. & Chief Engr., Bureau of Mater 
and Sewerage, Akron, Ohio. 


Although both chlorine and_ filter 
alum are in short supply, hundreds oi 
tons of ferrous iron solution are being 
wasted. Thus, the use of ferrous sul- 
fate has a definite place in treating wa- 
ter supplies as well as in eliminating 
a byproduct waste disposal problem. 
A recent news publication emphasized 
the difficulty in disposing of ferrous 
sulfate solutions. The pickling liquor 
from a California tin plate mill is 
dumped a minimum of 20 mi at sea. .\ 
craft with a total capacity of 197,000 
gal must make two or three trips a 
week to dispose of this byproduct. 

This single incident illustrates not 
only a waste disposal problem, but a 
costly transportation problem and an 
economic waste in the destruction of 
valuable material. It certainly should 


be brought to the attention of water and 
sewerage operators. 

The experience of the writer’s plant 
with ferrous sulfate solution has been 
successiul and profitable. Although the 
iron and lime process is not beneficial 
in treating raw water which has a high 
color, chlorinated copperas is decidedly 
helpful. The iron and lime process is ° 
useful, however, if turbidity and not 
color is the problem. With colored 
water in the normal pH ranges, the 
intermingling of the two processes— 
ferrous sulfate as copperas and alum 
coagulation—is practical benefi- 
cial—in fact, as the author states, the 
two sometimes work better together 
than either one alone. 

The writer feels that this informa- 
tion should materially benefit the water 
works industry, which is now suffer- 
ing from a shortage of alum. It seems 
likely that all large industrial cities 
would have access to pickling liquor. 
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Observations on the Operation of a High-Rate 
Clarifier for Turbidity Removal 
By H. K. Gidley 
A paper presented on Oct. 5, 1951, at the West Virginia Section Meet- 


ing, Charleston, W.Va., by H. K. Gidley, Director, Div. San. Eng., 
West Virginia Dept. of Health, Charleston, W.Va. 


N September 1950, Moorefield, 

W.Va., a small town having a 
population of 1,401, placed in opera- 
tion a new 400-gpm filter plant using 
water pumped from the South Fork of 
the South Branch of the Potomac 
River. The Moorefield plant (Fig. 
1) is of conventional small-plant de- 
sign. 

A year later in September, 1951, 
Petersburg, W.Va., population 1,874, 
also placed in operation a new 400-gpm 
filter plant using water pumped from 
the South Branch of the Potomac River. 
The Petersburg plant (Fig. 2) devi- 
ates from the usual practice in using 
a high-rate upflow “sludge contact” 
type of clarifier. The basic design fac- 
tors of both the Moorefield and Peters- 
burg plants are given in Table 1. 

The Moorefield and Petersburg 
plants, although only 12 miles apart, 
do not treat water from the same 
stream, but are on major tributaries 
of the same stream, the waters of which 
have similar physical and chemical 
characteristics. Table 2 gives the 
chemical characteristics of the waters 
treated in the two plants. Neither 
softening nor any other special treat- 
ment is employed in either plant; co- 
agulation is used for turbidity removal 
only. The South Branch of the Potomac 
carries a greater turbidity load than 


the South Fork, but both streams are 
clear most of the time. Neither plant 
is equipped for the accurate measure- 
ment of low turbidities. 

ngineers from the West Virginia 
Dept. of Health have observed and 
compared the performances of the two 
plants, with particular attention to the 
operation of the high-rate clarifier for 
turbidity removal. The observations 
presented refer to the treatment of a 
certain type of water and to small “one- 
man’ water systems. The sources of 
water are typical of the mountain 
streams of West Virginia. These 
streams are clear most of the time, but 
are flashy, with moderately high tur- 
bidities occurring and subsiding rather 
quickly. 

The two communities are similar in 
many respects and have had the same 
water supply problems. Both have 
had a slow but steady growth during 
the past 20 years and have outgrown 
their initial sources of supply, which 
were large-diameter, shallow-dug in- 
filtration wells. These wells were lo- 
cated in the river flood plain of the 
South Branch of the Potomac and pene- 
trated thin strata of water-bearing 
gravel. When the wells became inade- 
quate, both communities were fortunate 
in having streams with an abundant 
natural flow available for development. 
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TABLE 1 


Basic Design Features of Petersburg and Moorefield Plants 


Petersburg 


Chemical Feeding Alum-—dry feed 
Lime—drv feed 


Activated silica——solution feed 
Chlorine—solution feed 


Mixing 
in clarifier 


Settling 
unit 


Pheoretical retention of clarifier 


52 min 


Clarification in high-rate upflow 


Moorefield 


Alum—dry feed 
Lime—drv feed 
Chlorine—solution feed 


Mechanical mix and sludge contact Fixed baffles 


Over and under retention—5 min 
Velocity —0.6 fps 


Horizontal rectangular basin with 
central longitudinal around-the- 
end training wall 

Theoretical retention—250 min 


Surface loading—2,400 gpd per Surface loading—430 gpd per sq ft 


sq ft 


Filtration ‘Two rapid sand filters 


Filter surface of each unit 


sq ft 


High-Rate Clarifier Plans 


When the Petersburg plant plans 
were presented to the West Virginia 
Dept. of Health for review, the de- 
partment pointed out to the consulting 
engineer and the municipal officials 
that a high-rate clarifier would pre- 
sent operating problems with the water 
to be used, and predicted that the cost 
of operation would be higher than that 
for a plant using a settling basin of 
conventional design. The department 
had had successful experience with 
high-rate clarifiers in iron removal and 
softening operations, but the heavy 
slurry or sludge present with such 
treatment would not normally be pres- 
ent during the low turbidity intervals 
which would predominate the 
South Branch. The department felt 
that, although the slurry concentration 
necessary for high-rate clarification 
could be established, it would requite 
heavier chemical treatment and a de- 


wo rapid sand filters 
100.75 Filter surface of each unit—99.65 
sq ft 


gree of control which would tax the 
ability of the typical small-plant opera- 
tor. 

The natural site for the proposed 
Petersburg plant was on city property 
adjacent to the old infiltration well. 
This site presented a foundation prob- 
lem as a relatively deep excavation 
through an alluvial deposit was_ re- 
quired in order to reach firm bearing. 
The consulting engineer recommended 
a compact vertical design employing a 
high-rate clarifier to reduce construc- 
tion costs. After considering the site 
conditions and a statement from the 
municipality that it was willing to ac- 
cept higher operation costs in exchange 
for an anticipated lower installation 
cost, the department issued a certificate 
of approval. 


Cost Comparison 


It is impossible to compare closely 
the costs of the conventional Moore- 
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Pig. 1. 


Conventional Design Plant at 
Moorefield 

The plant is located on the South Fork 

of the South Branch of the Potomac 

River 


field plant with the high-rate Peters- 
burg plant. The Moorefield plant con- 
tract price was approximately $55,000, 
whereas the Petersburg contract price 
Was approximately $59,000, but the 
apparent advantage of the conventional 
design can be attributed to site differ- 
ences and certain variations in design. 
In small high-rate plants, any savings 
resulting from the smaller structure are 
offset to a substantial degree by the 
cost of special equipment. 


High-Rate Plant Operation 


When the high-rate plant was placed 
in operation in September 1950, a tech- 
nical representative of the equipment 
manufacturer was present for a few 
days to adjust the equipment, establish 


Fig. 2. High-Rate Plant at Petersburg 


The plant is located on the South Branch 
of the Potomac River. 
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an operating procedure, and instruct the 
local operator. The initial chemical 
dosages required to establish and main- 
tain the slurry in the clarifier were 
high. QOperation was further compli- 
cated by the intermittent pumping cv- 
cle necessitated by the limited elevated 
storage of the distribution system. 
This off-and-on cycle made it diffi- 
cult to achieve uniform operation, The 
plant was operated as intended by the 
designer for a period of three months. 
It consistently produced a satisfactory 
effluent with acceptable filter runs dur- 
ing this period, but the amount of co- 


TABLE 2 


Chemical Characteristics of Waters Treated in 
Petersburg and Moorefield Plants 


Moorefield 
South Fork 
of South 


Petersburg 
South Branch 


Potomac Branch 
River Potomac 
iver 
\lkalinity—ppm* 85 
Hardness— ppm* 108 7 
pH* 7.3 7.3 


* Averages tor 4 weeks in August 1951 


agulant required to maintain a slurry 
of proper density was high. Table 3 
compares the chemicals used in the 
conventional and high-rate plants. 

In November 1950, plant operation 
at Petersburg was interrupted by an 
intake failure which could not be im- 
mediately corrected because of high 
water. As an emergency measure the 
town returned to the old well as a 
source of supply, but treated the well 
water in the new plant. Inasmuch as 
the well water was clear at all times, 
no effort was made to maintain a sludge 
blanket in the clarifier. A minimum 
dose of alum was used to establish a 
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light floc which was allowed to carry 
over to the filter. A large savings in 
chemicals was effected by this proce- 
dure, and led to the establishment of 
the following treatment program which 
is now used. 


1. When sufficient water is avail- 
able in the old well, it is used as a 
source of supply with a coagulant dose 
of 100 Ib of alum per mil gal. 

2. When the well supply fails the 
river intake is used. After checking 
for a year, a minimum alum dose of 
300 Ib per mil gal was established as the 
most economical dose that could be 
used; with this dosage some floc is 
carried over to the filter. 


TABLE 3 
Alum Used for Coagulation in Petersburg 


and Moorefield Plants 


Max. and 


: \verage 
ate r Alem | Min Dosages 
Treated | Dosages 
mil gal | > per 
mil gal 


Petersburg 5.14 1,807 | 288-390 | 352 
Moorefield 6.09 497 53-108 82 


The high-rate plant is equipped with 
a solution feeder for the dosing of ac- 
tivated silica. Jar tests by the West 
Virginia Dept. of Health engineers in- 
dicated that silica could sometimes be 
used to improve floc density. Trial 
runs on a plant seale using silica, how- 
ever, did not improve plant perform- 
ance sufficiently to justify its use. 

Filter runs should offer a basis of 
comparison of the efficiency of the con- 
ventional and high-rate basins, but 
they are probably not a sound index for 
the Moorefield and Petersburg plants 
inasmuch as neither plant controlled 
backwash strictly by loss of head. In 
small plants operating a few hours each 
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day, it is common practice to wash fil- 
ters at least once each week, regardless 
of loss of head. An examination of 
the reports submitted to the West Vir- 
ginia Dept. of Health indicates filter 
runs varying from 30 to 60 hours for 
both plants. 


Conventional Design Advantages 


The conventional settling basin 
seems to have several advantages for 
the small plant. One of the best fea- 
tures of prolonged settling is the ability 
of the settling unit to function fairly 
well at a 100 per cent overload. This 
feature has been a valuable asset in 
many small plants in West Virginia 
which have had to operate at substan- 
tial overloads pending the initiation of 
new construction. 

A large settling basin is advantageous 
if intermittent or part-time operation is 
practiced. After a plant has been in- 
active for several hours the basin con- 
tains clear, settled water which has 
benefited from prolonged quiescent 
settling. The buffering action of this 
basin of clear water lessens the ur- 
gency of optimum coagulation of the 
incoming raw water. 

Features of the high-rate clarifier 
which are desirable but generally lack- 
ing in the small conventional basin are 
efficient mechanical mixing and well 
designed effluent weirs. Automatic 
sludge drawoff may be an advantage 
with some waters, but the volume of 
sludge produced in treating a_typi- 
cal West Virginia stream is small; the 
standard practice of semiannual clean- 
ing seems to be satisfactory. 


Conclusions 


1. The high-rate clarifier is more 
difficult to operate than a conventional 
low-rate basin with gravity settling. 
This is an important consideration in 
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a small plant where the technical train- 
ing and skill of the operator may be 
limited. 

2. When treating the low-turbidity 
waters typical of many West Virginia 
streams, the amount of coagulant or 
special coagulant aids required to 
maintain a dense slurry in the clarifier 
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will be greater than that required for 
effective clarification in a conventional 
basin. 

3. A conventional low-rate settling 
basin is more stable in operation than 
a high-rate clarifier and will accept a 
substantial overload, important char- 
acteristics in small-plant design. 


Correction 


In the “Tentative Standard Specifi- 
cations for Bauxite” which appeared in 
the July 1950 JourNAL, the line itali- 
cized below was omitted. Section 


9C.2.4 on p. 714 should be amended to 
read : 


Add 20 ml of preventive solution (9C.1(b), 
dilute to 150-200 ml, and titrate... . 
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Effect of Lime-Treated Water Upon Survival 
of Bacteria 


By M. L. Riehl, H. H. Weiser, and B. T. Rheins 


A contribution to the Journal by M. L. Riehl, Chief Chemist, Ohio 
Dept. of Health Laboratories, and H. H. Weiser and B. T. Rheins, 
both of Dept. of Bacteriology, Ohio State University, Columbus, Ohio. 


destruction of many water- 
borne bacteria in water previously 
treated with excess lime was observed 
by Houston (1) more than 40 years 
Later, Hoover (2) made further 
studies and also confirmed and ex- 
tended the work of Houston. Other 
research has been conducted and _ re- 
ported independent investigators 
interested in water treatment in Ohio. 
Streeter (3) has been interested in 
this aspect of water treatment and has 
reported his findings in various sci- 
entific journals. 
It was not 


ago. 


by 


until World War II, 


when the question of protecting our 
water supplies from sabotage was of 
great concern, however, that a com- 


made 
The 

cidal efficiency of excess lime in water 
treatment 


prehensive study was under 


Streeter’s supervision. bacteri- 
was challenged by 
public health officials. Wattie and 
Chambers (4) studied this problem 
and found that the high pH values of 
the treated water marked 
bactericidal effect certain test 
In order to augment the 
Wattie 
research project 
investigation 


many 


exerted a 
upon 
organisms. 
studies Chambers, 


of and 


the 
variables 


This investigation has 


entailed 
additional 


which 
of 
was outlined. 


been in progress for the past two vears 
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(1949-51) in cooperation with the 
Dept. of Bacteriology, Ohio State 
Health Laboratories, and the Ohio 
State University Research Foundation. 

The purpose of the authors’ investi- 
gation was to determine the survival 
of selected bacteria in lime-treated 
water samples from different sources. 
The following variables were studied : 
|1] the survival of selected bacteria 
when added to various water samples; 
|2| the effect of pH on the survival of 
the organisms; |3| the influence of the 
composition of the test waters—dis- 
tilled, hard, soft, and turbid; and [4] 
the influence of temperatures—2 to 
$C, I5C, and 


Experimental Procedure 


A laboratory strain of Esch. coli 
was added to distilled water samples 
in quantities of 1,000 organisms per 
ml. Varying amounts of calcium hy- 
droxide were added to each sample, 
except the control, to obtain the de- 
sired pH range of 7.3 to 11.7. The 
samples were mixed rapidly for 5 min 
and then slowly for 2 hr. A portion 
of this mixed sample was removed for 
chemical analysis. (ne series of water 
samples was incubated at 5 C, another 
at 15 C, and a third set at 25°C. Bac- 


terial counts were made 1 min after 
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the test organisms were added, then 
at 30-min intervals for 2 hr, and then 
hourly for 10 hr. Counts were made 
on a few samples for up to 100 hr. 
All agar plates were prepared in dupli- 
cate, incubated for 24 hr at 35.C, and 
then counted. 


Results 


Figure 1 shows the percentage of 
survival of the test organism at dif- 
ferent levels of pH over an 8-hr pe- 
riod. Apparently at the higher pH 


BACTERIA SURVIVAL 


The survival of a freshly isolated 
strain of Esch. coli in different kinds 
of water ranging from distilled water, 
soft, turbid, and hard water, the latter 
with a hardness of 800 ppm, was 
studied at 15C. The results are shown 
in Fig. 2. The destructive effect on 
the test organism of a high pH was 
again observed. It appears that soit 
water at different pH levels is etfec- 
tive in destroying Esch. coli within an 
8-hr period. In the other types of 
water samples, the organisms survived 


> 


Survival — per cent 


Fig. 1. 


Survival of Esch. coli at Different pH Levels 


The organisms were incubated in distilled water at 5, 15, and 25 C. 


ranges of 11.7 at 5C, 114 at 15C, 
and 11.2, 10.8, and 10.3 at 25C, the 
test organism did not survive more 
than 30 min regardless of the tempera- 
ture. 
coli showed marked diminutions, how- 
A tem- 
perature of 5C showed the greatest 


At the lower pH range, Esch. 
ever, as the 8-hr period ended. 


percentage of survival, whereas 15 C 
was more effective in destroying the 
organisms but only at the high pH 
levels; at 25 C only the test organism 
in water at pH 7.5 was able to survive 
up to 8 hr, and then only in small 
numbers. 


throughout the 10-hr period, although 
the percentage of survival varied with 
each type water and pH level. 

The results of a comparison of the 
survival of Salmonella sp. (Type Mon- 
tivideo ) and Salmonella typhosa in dii- 
ferent kinds of waters at 2C and 12C 


are shown in Fig. 3. In distilled water, 


S. Montivideo remained viable in ap- 
preciable numbers at the lower pH levels 
throughout the 10-hr period; at pH 
11.0 the organisms were destroyed in 
approximately 2 hr at 2 C and 30 min 


at 12C. At 12C, however, when pH 
levels were maintained at 10.7, 10.3, 
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and 10.0, the organisms survived 4, 7, 
and 10 hr, respectively. At 2C and 
pH 11 the survival time was more than 
2 hr. When pH levels of the water 
samples were held at 7.5, 10.1, and 
10.6, the organisms survived up to 10 
hr with no appreciable reduction in 
numbers. A pH of 11.1 required the 
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the time was 3 hr, and at pH 108, 
more than 8 hr. When Scioto turbid 
water was compared with other types 
of water, a similar comparison was 
made. At pH 11.5 at 2C, however, 
the time was 6 hr, whereas at pH 
levels 11.0, 10.5, and 10.0, a 10-hr 


period was required, but the number of 


Survival — per cent 
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1 Fig. 2. Survival of Esch. coli in Different Media 
t) The organisms were freshly isolated and incubated at 15C. The italic letters refer 
to the following media: A—distilled water; B—Lancaster, Ohio, soft water; C— 
bi Scioto turbid water; D—Scioto clear water; and E—New Rome, Ohio, hard water. 


10-hr period, but the number of organ- 
isms surviving was markedly less. 

In Scioto River clear water at 2 C, 
the test organism survived the 10-hr 
observation period with no appreciable 
reduction of S. Montivideo at pH 8.2; 
at pH 10.4, 10.7, and 11.0 the survival 
time was greatly extended. At pH 
11.4 the organisms survived 5 hr. The 
same general trend was noted when 
survivals at 2 and 12 C were compared, 
with the exceptions that at pH 11.3 


organisms that survived was greatly 
reduced. At pH 8.5 at both 2 and 12C, 
there was no marked reduction of or- 
ganisms up to the 10-hr period. At 
12C and pH 10.6, the organisms sur- 
vived up to 10 hr, but in small num- 
bers, whereas with the same tempera- 
ture at pH 10.9, the time was 6 hr and 
at pH 11.1, 3 hr. 

When S. typhosa was added to dis- 
tilled and clear waters the results were 
not comparable with those attained with 
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Fig. 3. Survival of S. Montivideo and S. typhosa in Different Media 


The organisms were incubated at 2 and 12C. 


Italic letters A, B, and C refer to S. 


Montivideo at 2C in distilled Scioto clear, and Scioto turbid water, respectwely; 

letters D and F refer to S. typhosa at 2 C in distilled and Scioto clear water, respec- 

tively; letters F,G, and H refer to S. Montivideo at 12 C in distilled, Scioto clear, and 

Scioto turbid water, respectively; and letters I and J refer to S. typhosa at 12 C in 
distilled and Scioto clear water, respectively. 


S. Montivideo. At 12C, S. typhosa 
survived 5 hr in clear water with a 
pH of 11.6. The same organism at 
2C and pH 11.5 survived approxi- 
mately 8 hr. Otherwise at different 
pH levels the test organisms survived 
the 10-hr period although there was 
no correlation between the number of 
organisms stirviving. In distilled wa- 


ter at pH 11.5, S. typhosa survived up 
to 1 hr at 2C, and only 30 min at 
12C. At 2C and pH 11.2, the or- 
ganisms survived up to 8 hr as com- 
pared with 5 hr at 12C and pH 10.0. 
Although the test organisms were able 
to survive up to the 10-hr period at 
the lower pH levels, the numbers 
varied markedly with each pH _ level. 
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igure 4 gives a comparison of a 
freshly isolated strain of S. typhosa 
and a laboratory strain propagated on 
culture media for several months. At 
pH 11.7 and 11.5 the freshly isolated 
organisms survived approximately 60 
min, whereas the laboratory strain 
survived approximately 30 min. Al- 
most consistently the survival time of 


Survival — per cent 


Fig. 4. Survival of Freshly Isolated and 
Laboratory Strains of S. typhosa at Dif- 
ferent pH Levels 


The organisms were tested in Lancaster 
soft water at 15C. The broken line 
refers to the laboratory strain and_ the 
solid line to the freshly isolated strain. 


the freshly isolated test organism was 


longer than that of 
culture. 

These results are significant from the 
public health standpoint in that recent 
pollution of a water supply would in 
all probability implicate an organism 
displaying resistance to chemical treat- 
ment similar to that of the freshly iso- 
lated strains. 


the laboratory 


RIEHL, WEISER, RHEINS 


Jour. AWWA 


Conclusions 

Esch. coli, S. typhosa, and S. Monti- 
video do not survive for prolonged 
periods in water when high pH levels 
are maintained by the addition of 
excess lime. At a pH range from 
11.0 to 11.5, a temperature of 15 C, 
and a holding period of slightly longer 
than 4+ hr, this method was effective in 
destroying many of the test organisms. 
Freshly isolated strains of the test 
bacteria were more resistant than the 
same species propagated for several 
months on culture media. The com- 
position of the water did not influence 
appreciably the survival of the organ- 
isms when a high pH level was main- 
tained. 
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Kansas City, at this moment, stands in imminent danger of two floods 
—the first a disastrous one by a record-high Missouri River; the second, 
a beneficent one by a record-high AWWA registration. If we were certain 
that KC were as well prepared for the first record as we know it to be for 
the second, our crystal ball wouldn’t look quite so much like the muddy Mo. 
Mo or no, though, we can report that these new officers and directors took 
office at the Board of Directors meeting on May 9: 


President—Charles H. Capen, chief engineer since 1942 of the North 
Jersey Dist. Water Supply Commission, Wanaque, N.J. Born in Jersey 
City, N.J., in 1895, he received his civil engineering degree from Cornell 
Univ. in 1917, 

His engineering career began upon his graduation with his appoint- 
ment as resident engineer for N, N. Chester Engineers of Pittsburgh, Pa. 
In 1918 he designed water and sewer installations for the Navy while 
associated with Nicholas S. Hill of New York, and the next year joined the 
New Jersey Dept. of Health as assistant sanitary engineer. This connec- 
tion was terminated in 1925 when he joined the North Jersey organization 
as assistant engineer, advancing to his present post with an interruption 
for military service during World War II, when he was principal sani- 
tary engineer for the Second Corps area. He has also been engaged as a 
consultant on more than 50 water and sewerage projects. 

Widely known in technical circles, he has been an AWWA member 
since 1930, and his Association activities are extensive. He was chairman 
of the AWWA Publication Committee from 1947 to 1951, Chairman of 
the Goodell Prize Committee and of the Fuller Award Society, and is or 
has been a member of the Convention Management Committee, the Water 
Rates Committee, the Sluice Gates Committee, and the Task Group on In- 


dustrial Water Use. In New Jersey, he was chairman of the section legis- 


lative committee that sponsored and helped obtain licensing and tenure 
legislation in the state, was the section’s Fuller Award winner in 1938, 
its chairman in 1941, and its national director from 1947 to 1950. 


(Continued on page 2) 
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He served as chairman of the governor's Engineering Committee 
in 1938, reporting on New Jersey's water supply, was in charge of an inter- 
connection survey for the state’s major water supply systems in 1939, and 
in the same year was chairman of the advisory committee on licensing of 
water and sewage plant operators. He also served as chairman of the Joint 
Operation Board for emergency water supply operation. 

His activities in many technical organizations other than AWWA and 
his many achievements have earned him such recognition as the Fuertes 
Medal, awarded by Cornell Univ., and the James F. Lincoln Award of the 
Are Welding Foundation. 


Vice-President—Morrison B. Cunning- 
ham, superintendent and engineer, Water 
Dept., Oklahoma City, Okla. Born in Green- 
ville, Tex., in 1896, Cunningham served in 
the Navy during World War I and joined the 
Oklahoma City department in 1919, first as 
superintendent of construction, then, the fol- 
lowing year, as distribution system superin- 
tendent. In 1922 he was appointed assistant 
superintendent and engineer, and after ten 
years in this position became assistant and then 
acting city manager. He was appointed to his 
present post in 1937. 

An AWWA member since 1930, he became a member of the old South- 
west Water Works Assn. in 1921. He became vice-chairman of its 
successor, the Southwest Section of AWWA, in 1939 and served as its 
chairman the following year. In 1948 he became the section’s national 
director for a three-year term, and received its Fuller Award in 1949. He 
has also been an officer of AWWA’s Water Works Management Div., 
chairman of the Committee on Radio and Mobile Communication Facilities 
for Water Works, and a member of the Committee on Water Works Ad- 
ministration and the Task Group on Erosion Control of the Committee on 
Watershed Protection and Maintenance. He is AWWA representative 
on the National Committee for Utilities Radio. Other technical societies 
in which he is active include the Oklahoma Society of Professional Engi- 
neers and the Engineering Club of Oklahoma, both of which he served as 
president and member of the Board of Directors; the Engineers Joint 
Council; and the Federation of Sewage and Industrial Wastes Associa- 
tions. He has also been a member of the Governor’s Board on Stream 
Pollution, the Engineers’ Advisory Board for State Planning and Re- 
sources, and the Board of Interstate Compacts. 


(Continued on page 4) 
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This modern pumping station is served 
by Darling gate valves of 3 sizes, as 
shown —20" O.S.GY. valves as weil as 
30° and 36” sizes with beveled gears 
and gear cases. All employ the Darling 
Sully revolving, double disc, parallel 
seat principle, and made in accord- 
ance with AWWA. specifications. 


HIS new municipal pumping station gains a unique advantage proved 

in hundreds of similar operations throughout the country. Because 
these gate valves are Darlings . . . featuring Darling's fully revolving, double 
disc, parallel seat principle . . . the city as well as the water department 
will be time and money ahead years on end. 


If you haven't yet checked into Darling gate valves of this type (shown 
in cutaway view at left) we'd like to give you a// the facts on the distinctive 
features that always add up to... 


1. Positive, easier closing. 2. Automatic adjust t for valve body dis- 


tortion. 3. Elimination of disc-to-seat galling. 4. Unif wear distrib 


Note rugged simplicity of this unique tion. 5. Greater service life with far less maintenance. 

Darling principle—just four sturdy 

working parts... two plain inter- SEND FOR BULLETIN 

changeable mo-pochet discs and two 
aud Darling's latest bulletin is full of helpful information and describes 
mance is extremely easy and foolproof. Darling valves of a// types for every normal or unusual service. 


DARLING VALVE & MANUFACTURING CO, 
Williamsport 23, Pa. 


DARLING 
Roane: FOR PLUS VALUES, JOB-PROVED AGAIN AND AGAIN 
| 
| | [ine and money akeads 


PERC 


(Cor 


OLATION AND RUNOFF Vol. 44, No.5 


itinued from page 2) 


Treasurer—William W. Brush, editor of 
Hater Works Engineering. Brush was born 
in Orange, N.J., in 1874 and was educated at 
New York Univ., from which he received B.S., 
C.E., and M.S. degrees. He served as engi- 
neer with the Brooklyn Water Dept., from 1894 
to 1907, transferring to the New York Board 
of Water Supply in the latter year. In 1927 
he was appointed chief engineer, and served in 
that capacity until 1934, when he retired after 
a cumulative total with the two organizations 
of 40 years of service. He then began his pres- 
ent affiliation with the Case-Shepperd-Mann 


Publishing Corp. and Hater Works Engineering as editor of the latter 


publication. 


His reelection as treasurer continues an unbroken record of 30 years 
of high office in the Association, for, except for a two-year interval in 


1928-29 when he was suc 


( 


cessively vice-president and president, Brush 


Continued on page 6) 


METER 
readers 


‘o 


Woofproof Your 
Metermen 


Here's a bible of bark and bite that will 
enable you to improve both your person- 
nel relations and your public relations. 
See that every meter reader gets a copy. 
Make him read it! Make him heed it! 


Under the cover reproduced herewith, 


REPRINT few 


Public Relations at Work 


nickel per copy—much 
seat of your pants. 


521 Fifth Avenue 


the July 1949 issue of Public Relations at Work. As a six-page 
booklet, this practical advice to the doglorn is now available at a 


Order your copies now from Department K-9 of: 
AMERICAN WATER WORKS ASSOCIATION 


AWWA has, in response to the de- 
mand of several meter departments, re- 
printed Bruce McAlister’s ‘‘Bow-wow, 
Mister Meterman’’ as it appeared in 


less than the cost of a single patch in the 


New York 17, N.Y. 
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A NEW FILTER NOW AVAILABLE FOR 
IDENTIFYING, COUNTING AND CULTURING BACTERIA 


MILLIPORE FILTERS 


Sometimes called “membrane” or “molecular” filters 


Quantitative Very rapid 
surface identification 
retention 

Grid-marking 
Rapid growth facilitates 


TWO TYPES OF DISCS AVAILABLE 


Type HA: for hydrosol analysis 
Type AA: for aerosol analysis 


Discs 47 mm. in diameter and grid-marked to exactly 1% of filtration area. 
Both types with pad for nutrient. Minimum order 100 MF s. Write for prices. 


MF Pyrex Filter Holder, 
with built-in frit support. 


Manufactured by LOVELL CHEMICAL COMPANY, Watertown 72, Mass., U.S.A. 
Made in U.S.A. 


Millipore Filters. Write for prices. 


6 PER PERCOLATION AND RUNOFF Vol. 44, No.5 


(Continued from page 4) 
has been treasurer since 1922. In that time also he has been active on 
many AWWA committees, and has served ex officio as a member of both 
the Board of Directors and its Executive Committee. He received the John 
M. Diven Medal in 1932 and in 1937 was made an Honorary Member. 


Canadian Section—William Donald 

Hurst, city engineer and commissioner of 

buildings, Winnipeg, Man. Born in that city in 

1908, he attended the University of Manitoba, 

from which he received the degree in civil engi- 

neering in 1930, and Virginia Polytechnic Inst., 

from which he received the C.E. degree in 1931. 

While still an undergraduate, he joined the 

Hurst Engineering & Construction Co. as a 

junior engineer. In 1930, as a member of the 

Winnipeg Engineering Dept., he served as an 

inspector of reservoir construction. After a 

short interval for his graduate studies, during 

which he also acted as a teaching fellow, he returned to the Winnipeg Engi- 

neering Dept. and served in various capacities, becoming Engineer of Water 
(Continued on page &) 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETYT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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Works in 1933 and assistant city engineer the following year. In 1935 he 
began service as secretary-engineer for the Board of Engineers of the Greater 
Winnipeg Water Dist., a connection he maintained until 1939. After an 
interval during World War II with the Royal Canadian Engineers, he was 
appointed city engineer of Winnipeg. Other appointments include that of 
commissioner of the Winnipeg-St. Boniface Harbour Commission, chairman 
of commissioners for the Greater Winnipeg Water Dist., and the Greater 
Winnipeg Sanitary Dist. 

An AWWA member since 1934, he has been active in both the 
Canadian and the neighboring Minnesota Sections, having been trustee of 
i the former and chairman of the latter. In addition, he has received the 
Minnesota Section’s Fuller Award. Other technical groups in which he is 
active include the Engineering Institute of Canada, of which he was chairman 
of the Winnipeg Branch, the Canadian Institute on Sewage and Sanitation, 
and the Scientific Club of Winnipeg. 


Indiana Section—Lewis S. Finch, vice 
president and chief engineer, Indianapolis Wa- 
ter Co. Born in Anna, I[Il, in 1897, he at- 
tended Purdue University, from which he was 


graduated in 1921, receiving the civil engi- 
neering degree in’ 1931. He is'a registered 
professional engineer in Indiana. 

In the employ of the Milwaukee Sewerage 
Commission as senior engineer from 1923 to 
1925, he joined the Indiana. Board of Health, 
which he served as chief engineer until 1933, 
when he opened his office as a consultant. In 
1942 he joined the Indianapolis Water Co. 
F as principal assistant engineer, becoming chief engineer two years later. 
He was advanced to his present post in 1950. 


K, In 1932, after a term as vice-chairman of the Indiana Section, he 
was elected its chairman, and in 1949 he received its Fuller Award. He 
has served on many AWW A committees, including the Committee on Water 
Works Administration, assigned to the Task Group Public Use of Water- 
shed Areas, and the Committee on Water Main Extension Policy. In 
other areas he has served on the Ohio River Board of Engineers, the 
Great Lakes Board of Engineers, and the Advisory Board to Indiana Ad- 
ministrative Building Council. He is also serving on the Indiana Ad- : 
visory Health Council and the Indiana Stream Pollution Control Board. 
He has been president of the Indiana Section of the American Society of 
Civil Engineers, the Central States Sewage Works Assn., and the Indiana 
Engineering Council. 
(Continued on page 10) 
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CARLON 


. . « CARLON “WS” plastic water service pipe 
recommended for municipal water systems . . . 
sewage disposal .. . land drainage . . . other 
medium-pressure applications . . . Guaranteed 
against rot, rust and electrolytic corrosion . . 
Will not accumulate scale or sediment. . . 
Impervious to chemical attack of corrosive 
soils and waters .. . Furnished in long lengths 
. requires fewer fittings . . . Quickly 
installed without special tools . . . Can be 
connected with established metallic systems. 


Working | | 
Noming! Pressures) Weight) Normol 
Pipe P.S1 | Per | Shipping 
Size OD. 120°F.) Foot Lengths 
11.170] .824| 120 | .216 |400' coils 
1.433] 1.070] 120 | .285 (300° “ 
[1.850] 1.380] 120 | .477 |300' 
114” 12.260[ 1.610] 120 | .790 |250' 
3.000] 2.070] 120 | 1.88 |200° 
a 2.495 | 2.07 75 620 |200° 
2'4" |2.950| 2.470 75 820 |150' 
3.670 | 3.070|_ 75 | 1.280 
4.820] 4.030 75 | 2.200 |25' straight 
6" 7.260 | 6.070 75 | 5.000 |25° 


IN CANADA MICRO PLASTICS, LTD. ACTON, ONTARIO 
10300 MEECH AVENUE CLEVELAND OHIO 


ION 


PER Y 
AS 
Is Easier to Handle 
OF 
7 
| 
CARLON PRODUCTS CORPORAT 
: 


10 PER PERCOLATION AND RUNOFF lol. 44, No.5 


(Continued from page 8) 


Iowa Section—Dale L. Maffitt, general 
manager, Water Works, Des Moines. .\ real 
native son, Maffitt was born in Des Moines in 
1892, was graduated from Drake University 
there in 1914, and has been a member of the 
city’s water works staff ever since, with a brief 
leave of absence in 1920-1921 to do graduate 
work in chemistry and chemical engineering at 
the Massachusetts Inst. of Technology. Hav- 
ing joined the Des Moines staff as assistant 
chemist, he was advanced to chief chemist in 
1916, assistant general manager in 1926, and 
general manager—his present post—in 1933. 
He is a member of the Missouri River Ten States Committee, the Lowa 
Water Planning Committee, and has been president of the Engineers Club 
of Des Moines. 

An AWWA Member since 1918, Maffitt now serves his second term as 
a member of the board, having been elected as his newly organized section’s 
first director in 1946. He was also chairman, in 1938, of the predecessor 
Missouri Valley Section, and was vice-chairman and chairman of the old 
Finance and Accounting Div. of AWWA. The impressive list of his As- 
sociation activities also include the chairmanship of the Fuller Award 
Society (for which he qualified by receiving his section’s award in 1949), 
and of the committees on Public and Worker Relationships and on Pension 
and Retirement Plans. He is currently vice-chairman of the Water Re- 
sources Div. Other committees on which he has served include Water 
Works Practice, Federal Activities, Survival and Retirement Experience 
With Water Works Facilities, Social Security Legislation, Program, Fire 
Prevention and Protection, Valuation and Depreciation and Municipal 
Water Works Organization. 


(Continued on page 12) 


Back in 
Manual of British Water Supply Practice 
Compiled by the Institution of Water Engineers, London 


The essence of the water supply art, as practiced in Great 
Britain, is well documented in this 900-page compilation. 
Generously supplied with illustrations and reference lists. 


Price $7.50 


Distributed in American Water Works Association, Inc. 
U.S. by: 521 Fifth Avenue New York 17, N.Y. 
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FLOW CONTROL NOTES 


Feeding Chemicals in Proportion To The 
Raw Water Flow 


Problem: to feed ferric sulphate to raw 
water entering filter plant generally 
in proportion to quantity of water 
flowing. 


Solution: 36" x 18" cast iron Simplex 
venturi tube and a Simplex indicating, 
recording and totalizing 

meter installed. Meter 

was equipped with a con- 

tactor device operating 

totalizing element of the 

instrument and also the 

mechanism of the remote 

feeder by electric trans- 

mission. 


Result: accurate record of 
influent flow. Coagulant 
fed to raw water in correct 
dosage. Adaptability of 
Simplex venturi meter to 
measurement and control 
again demonstrated. 


AND METER COMPANY 
SIMPLEX VALVE & METER COMPANY 
6784 Upland Street, Philadelphia 42, Pennsylvania 
Please send free Bulletin #401 entitled “Simplex Type ‘H’ Meter’ 
NAME__ 


COMPANY. 


ADDRESS 


CITY 


_ZONE__STATE 
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Kansas Section—H. H. Kansteiner, 
manager of production and distribution, Water- 
works Dept., Leavenworth, Kan. Born in St. 
Charles, Mo., in 1902, he studied mechanical 
engineering at the University of Missouri, re- 
ceiving the B.S. degree in 1926. 

He joined the Laclede Gas & Light Co. the 
next vear as a cadet engineer, later becoming a 


wt 


sales engineer for commercial refrigeration, 
power plant and other supplies and services. In 
1933 he joined the Public Works Board of his 
native St. Charles as superintendent of the 
Water Dept. He came to Kansas in his present 
capacity of production and distribution manager for the Leavenworth Water- 
works Dept. in 1937. 


An AWWA member since 1934, he was active in the old Missouri 
Valley Section and has served as vice-chairman and chairman of the Kansas 
Section. He was also chairman of a section committee studying the licensing 
or certification of water works operators. 


(Continued on page 14) 
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A.W.W.A. 
On their reputation for ° 
performance, Kup- Code of Practice 
ferle Fire Hydrants ° 
deserve consider- 
ation for any 


The A.W.W.A. Code, printed 
in two colors ona heavy 10 X 17- 
inch sheet, suitable for framing 
is now available for distribution 


Full lines for to members. 


public and pri- For your copy, send only ten 
vate installa- 


tions. cents in coin or stamps to cover 


installation. 


ich. postage and handling charges. 
Specification There is no charge for the 
sheets. 
document. 
C. Kuprence American Water Works 
Founpry Co. Association 
ST. Lovis 


521 Fifth Ave., New York 17, N.Y. 


Owe 
rr 


May 1952 JOURNAL AWWA PER 13 


HELLIGE 


INCORPORATED 
877 STEWART AVENUE, GARDEN CITY, N. Y. 


HEADQUARTERS FOR 
COLORIMETRIC APPARATUS AND 
COLOR STANDARDS 


DEPENDABLE WATER CONTROL EQUIPMENT 
USED WITH CONFIDENCE... EVERYWHERE 


AQUA TESTER for 
| Analyses of Water, Sewage, 
and Industrial Wastes... 


Employs NON-FADING Glass 
Color Standards . . . Uses 

COLORIMETRIC > Approved A.P.H.A. and A.W.W.A. 

COMPARATORS Methods for pH, Fluoride, 

Employing NON-FADING 26%. Iron, Phosphate, etc. 

Glass Color Standards for =<) 

pH & Chlorine Control, 

and Water Analyses 


TURBIDIMETER 
The Turbidimeter 
Without Standards 


for 

@ TURBIDITY 
MEASUREMENTS 

© SULFATE 
DETERMINATIONS 


PORTABLE TWIN-KIT for 
ELECTRONIC pH Control and 
pH METERS Chlorine or Bromine 

Swimming Pool 

Water with NON- 

FADING Glass 

Color Standards 


| 
/ 
4 | PHOTOELECTRIC 
SS 
* 
WRITE TODAY FOR YOUR CATALOGS 
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Missouri Section—Warren A. Kramer, 

chief, Water Supply, State Div. of Health, Jef- 
ferson City, Mo. Born in Franklin, La., in 
1896, he attended the University of Missis- 
sippi, from which he was graduated in 1921; 
Louisiana State University, from which he re- 
ceived a master’s degree in 1924; and Ohio 
State University, at which he obtained the doc- 
torate in chemistry in 1927. He is a licensed 
professional engineer in Missouri. 

While attending Ohio State, he did part- 
time research work under the direction of the 
late Charles P. Hoover at the Columbus water 
plant. In 1924 he joined the faculty of Louisiana State University, mov- 
ing on to Ohio State the next year. In 1927 he joined the Dearborn 
Chemical Co. as chemical engineer and in 1930 became senior chemical 
engineer in charge of the St. Louis Chain of Rocks purification plant. He 
joined the State Div. of Health in 1938. 

A member of AWWA since 1927, he has been Secretary of the Mis- 
souri Section continuously since its organization in 1946, and received its 
Fuller Award in 1950. He has been a member of the Committee on Ca- 
pacity and Loadings of Water Treatment Processes. 


North Carolina Section—George S. 
Rawlins, vice-president of the engineering and 
architectural firm of J. N. Pease & Co., Char- 
lotte, N.C. Born (1904) and reared in Geneva, 
N.Y., he attended Cornell Univ., receiving the 
degree of civil engineer in 1925. 

After a short period with Drexel Inst., 
Philadelphia, as an instructor in civil engi- 
neering, he became a design engineer for the 
Reading, Pa., Water Bureau. Two years later, 
in 1928, he joined the engineering and archi- 
tectural firm of William H. Dechant & Sons, 
Reading, as an engineer. In 1932 he returned 


to the Water Bureau as assistant engineer, in which capacity he worked on 
the design of the Maiden Creek Filter Plant, later assuming charge of the 
operation of the supply. He joined the Chester Engineers of Pittsburgh 
in 1936 and came to Charlotte, N.C., in 1937 as engineer in charge of the 
city’s water works design and construction. After maintaining his own 
consulting practice for two years, he closed his office to join the Pease 


(Continued on page 16) 


, 
14 PEK 
ae 
| 
H 
7 | 
| 
| 
| 
| | 
7 
—_ 
‘ = 


May 1952 JOURNAL AWWA 


Horton Radial-Cone Elevated Tank 


This 1,000,000-gal. Horton radial-cone tank has been installed in the 
Fairlawn, N. J., water distribution system to provide gravity pressure. 
The tank is 145-ft. to the bottom and has a range in head of 35-ft. 

The tank was treated by the Phoscote process before shipment from 
our plant. This process is a proven method of cleaning and preparing 
the surfaces of steel plates and shapes before erection. It removes mill 
scale from steel and provides a better bond between the metal and the 
coat of paint which is applied in our shop before shipment. Write our 
nearest office for additignal information. 


CHICAGO BRIDGE & IRON COMPANY 


BIRMINGHAM CHICAGO TULSA BOSTON CLEVELAND 
PHILADELPHIA NEW YORK DETROIT SEATTLE LOS ANGELES 
SAN FRANCISCO HOUSTON ATLANTA HAVANA WASHINGTON 
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(Continued from page 14) 
organization in 1941 in the capacity of partner, later becoming vice-president 
of the firm. 

An AWWA member since 1939, he is aftihated with a number of 
other technical groups and has been a director of the Federation of Sewage 
and Industrial Wastes Associations, president of the Charlotte Engineers 
Club, and a director and also governor of the Professional Engineers of 
North Carolina. 


Rocky Mountain Section—C. G. Cald- 


— well, director of the Division of Sanitary En- 

gineering and Sanitation, State Dept. of Public 

a Health, Santa Fe, N.M. Born in Cliftondale, 


Mass., in 1912, he came to New Mexico for his 
: schooling, receiving the civil engineering de- 
H gree from the state university at Albuquerque 
j in 1937. He also did graduate work in public 
health and sanitation at the University of Cali- 

fornia and then obtained a master’s degree in 
sanitary engineering from the University of 
North Carolina in 1946. He is a registered 


professional engineer in New Mexico. 

j After a brief interval with the U.S. Forest Service and the New 
F Mexico Highway Dept., he became a malaria control engineer upon leav- 
ing school in New Mexico. In 1937 he joined the New Mexico Construc- 


; tion Co. as a research and estimating engineer. The next year he joined 
the New Mexico Dept. of Public Health, with which he has remained ever 
since. 

| : In the Rocky Mountain Section, he was successively section director, 


vice-chairman, and, in 1950, chairman. 


Southeastern Section—Robert B. 
Simms, superintendent of the Water Works 
and Metropolitan Dist... Spartanburg, S.C. 
Simms served his water works apprenticeship 
for the Atlanta, Ga., supply in the capacity of 
meter reader, bookkeeper, cost accountant and 
assistant superintendent before coming to Spar- 
tanburg. He has been head of the latter utility 
since 1920. 

A member of AWWA since 1922, he is 
now a Life Member. He has served on a 
number of Association committees, including 
the Forestation Task Group of the Watershed 


(Continued on page 18) 
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KENNED 
BOOKLET 


to help you specify A.W.W. A. valves 


The new KENNEDY BULLETIN 106 
gives you the complete story on 
KENNEDY A.W.W.A. Gate Valves. 
It gives detailed specifications .. . 
lists the wide range of types, sizes, 
controls, accessories, and connec- 


JOURNAL AWWA 


tions and gearing arrangements 
available. It’s packed with impor- 
tant facts you need to know when 
ordering or specifying A.W.W.A. 
valves. Provides valuable reference 
material for your permanent file. 


WRITE TODAY FOR YOUR COPY OF BULLETIN 106! 


m KENNEDY 


VALVE MFG. CO. ELMIRA, N.Y. 


VALVES 


PIPE FITTINGS 


FIRE HYDRANTS 
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(Continued from page 16) 


Protection and Maintenance Committee and the \Weather Control Task 
Group of the Water Resources Development Committee. In 1951 he was 
awarded his section’s Fuller Award. Other honors that have come his 
way include the presidency of the Southeastern Water & Light Assn. when 
application was made for AWWA section affiliation, and the renaming 
of the Spartanburg water plant in 1950 by the Commissioners of Public 
Works as the R. B. Simms Filtration Plant, in recognition of his outstand- 
ing vision and service. 


Virginia Section—Xenophon Duke Mur- 
den, manager of the Portsmouth Water Dept., 
serving Portsmouth and Suffolk, Va. Born 
in Portsmouth in 1898, Murden has been serv- 
ing that community ever since he left its public 
schools and, in 1917, became a meter reader 
for the Portsmouth, Berkeley, and Suffolk 
Water Co., which was later acquired by Ports- 
mouth. Correspondence and extension courses 
with LaSalle Extension University and the 
University of Virginia supplemented his edu- 
cation, and he rose from post to post until, 
when he was made head of the department in 
1941, he had had experience as bookkeeper, chief inspector, and assistant 
superintendent to round out his early meter reading career. 

A member of AWWA since 1941, Murden has been chairman of the 
Virginia Section and is a member of the Engineer's Club of Hampton 
Roads. 


West Virginia Section—Henry W. 
Speiden, head of the Dept. of Civil Engineer- 
ing at West Virginia University. \ native of 
Bluefield, W.Va., he was born there in 1903 
and educated in its schools. He attended 
West Virginia University, from which he re- 
ceived both bachelor’s and master’s degrees in 
civil engineering (in 1925 and 1933, respec- 
sively ). 

After completion of his undergraduate 
work, he was employed on the construction of a 
hydroelectric plant at Lake Lynn, Pa., and did 
highway work for Monongalia County, W. Va., 
and the state itself. In 1933 he joined the faculty of the university as an 


(Continued on page 20) 
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on metal protection 
by REILLY 


Reilly's coal tar enamels and paints 
are safeguarding countless pipelines, stor- 
age tanks, water systems, ete. against cor- 
rosion, incrustation and tuberculation. 


How, What, Why, Where and When 
are now given in a new 24 page booklet on 
Reilly Protective Coatings. Included is all 
the essential information which will help 
you to select the proper type of coating, 
prepare the surface, apply the enamel, 
inspect the finished metal, and prevent 
damage after coating. 


For fifty years, Reilly has carried on 
research and development work on coal 
tar derivatives —resulting in Reilly's pres- 
ent leadership in protective coatings and 
knowledge of their application in the field. 
Take advantage of Reilly experience and 
send for your copy of this new booklet now. 


REILLY TAR & CHEMICAL CORPORATION 


MERCHANTS BANK BUILDING, INDIANAPOLIS 4, INDIANA 
Sales offices in principal cities 


COATINGS’ 
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(Continued from page 18) 


instructor in the department of civil engineering, and he has retained that 


connection ever since. 
An AWWA member since 1935, he was chairman of the West Virginia 
Section in 1943. 


Wisconsin Section—Harold L. Londo, 
superintendent, Water Dept., Green Bay, Wis. 
3orn in Wausaukee, Wis., in 1901, he obtained 
a civil engineering degree from the University 
of Notre Dame in 1924. He is a licensed pro- 
fessional engineer in the state of Wisconsin. 

Londo’s first post after leaving school was 
with the Pennsylvania Highway Dept., as an 
engineer. In 1927, after three years at this 
occupation, he became assistant city engineer 
for Green Bay, Wis., and remained in the serv- 


| ice of that city through his transfer to the 

Water Dept. as assistant superintendent in 1935 
and his promotion in 1941 to superintendent- 

i the post he has held ever since. 

; He has been chairman of the Wisconsin Section and in 1950 was 

recipient of its Fuller Award. 


+ - 


Manufacturer—Hubert Francis O’Brien, 
president and member of the Board of Directors 
of The A. P. Smith Manufacturing Co. of East 
Orange, N.J. Born in that community in 1910, 
O'Brien attended Princeton Uniy., from which 
he received the Bachelor of Science degree in 
1931. 

; . In addition to his affiliation with the A. P. 
Smith organization, of which he has been pres- 
ident and director since 1941, he is a member of 
the board of the U.S. Pipe & Foundry Co. of 
Burlington, N. J. He has also been a director 
and member of the Executive Committee of the 


National Assn. of Manufacturers and a member of the Board of Governors 


of the Water & Sewage Works Manufacturers Assn., the organization he 
will now be representing on the AWW A board. 


Joseph A. Snook has been appointed vice-president in charge of sales 
of Atlas Mineral Products Co., Mertztown, Pa. 


(Continued on page 84) 
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of applications ating 
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leading primary producer of Sodium Fivoride 
and Sodium Silicoftueride (sole producer of Sedium 
Polyphos), Blockson provides a dependable high 
CKSON purity source of supply for the woter works trede. ” ee 


BLO SAMPLES AND DATA ON REQUEST. 


BLOCKSON CHEMICAL COMPANY 
JOLIEY, 
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The Reading Meler 


Civil Engineering Reference Book. FE. H. Probst & J. Comrie, 
ed. Butterworths Scientific Publications, London (1951) 1703 pp.; 
$22 from Butterworth & Co. (Canada) Ltd., 1367 Danforth Ave., 
Toronto 6, Ont. 


In addition to the chapter on water supply, this impressive vol- 
ume contains sections on a number of topics of interest to the water 
works engineer, such as fluid mechanics, structures and foundations, 
specifications and quantities, fire protection and town planning. In 
addition, there is included basic information on mathematics, statis- 
tics, the physical sciences, and mathematical and conversion tables. 

The material is of course directly based upon British practice, 
which cannot be related to American conditions by so simple an op- 


eration as conversion of Imperial gallons to gallons U.S. measure. 
lor example, in noting that the rate of domestic consumption of water 
is increasing toward the 30 gpm (Imp.) mark, the author of the water 
supply chapter, R. C. S. Walters, notes that “The higher consump- 
tions per head in Scottish towns, as in the U.S.A., has not been satis- 
factorily explained.” Likewise manufacturing specifications for such 
items as pipe differ in the two countries. ©n the other hand, an 
understanding of the other fellow’s methods is one of the best aids to 
reevaluating and improving one’s own. 


Soil Engineering. Merlin Grant Spangler. International Text- 
book Co., Scranton, Pa, (1951) 458 pp.; $0.50. 


Intended as a basic introduction to soil engineering, this book in- 
cludes interesting sections on soil and ground water as they affect 
the engineering uses of soil. Earth dams, seepage, frost action in 
soils and flow nets typify the material of primary interest to the water 
supply fields, although to some extent much of the information on 
foundations and the bearing capacity and stress distribution of soils 
will interest those who want to know the possible complications in- 
volved, for example, in laying pipelines underground. <A _ specific 
chapter on this topic, entitled “Underground Conduits,” is also 
included. 

(Continued on page 80) 
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‘Mass Production 
Skilled Workmanship 
and Right Design 


MAKE 


HERSEY 
METERS 


the most economical to 
operate over long peri- 
ods of time. 


Many experienced water works en- 
gineers will back up this statement 


HERSEY 
MANUFACTURING 
COMPANY 


SOUTH BOSTON, MASS. 
BRANCH OFFICES: NEW YORK — 
PORTLAND, ORE. — PHILADELPHIA 


— ATLANTA — DALLAS — CHICAGO 
— SAN FRANCISCO — LOS ANGELES 


= 
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DIAMETERS 


4 j Wide range of diameters plus a choice of wall thicknesses 
from 9/64- to 1/2-inch permits you to select the right water 
pipe for your job. Long lengths up to 50 feet help keep down 
i . installation costs. Write for complete details. Armco Drainage 
) : & Metal Products, Inc., Welded Pipe Sales Division, 1042 
Curtis Street, Middletown, Ohio. Subsidiary of Armco Steel 
Corporation. 


-ARMCO STEEL PIPE 
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Professional Serwices 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 
Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 
City Planning Reports 
Laboratory 


Philadelphia 7, Pa. 


Valuations 


121 S. Broad St. 


BLACK LABORATORIES, INC. 
Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS—TREATMENT— 
CONTROL— RESEARCH 


700 S. B. 3rd St. Gainesvilie, Fla. 


Cuas. B. Buroicx Louis R. Howson 
Donatp H. Maxwe_u 


ALVORD, BURDICK & HOWSON 


Engineers 
Water Works, Water Purification, Flood 
Relief, Sewerage, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


CLINTON L. BOGERT 
ASSOCIATES 
Consulting Engineers 


Curnton L. Boasrt Ivan L. Bogert 
J. M. M. Greta Rosert A. LincoLtn 
Donatp M. Drrmars§ P. ACKERMAN 
Water and Sewage Works 
Refuse Disposal Industrial Wastes 
Drainage Flood Control 


624 Madison Avenue New York 22, N. Y. 


CARL A. BAYS & ASSOCIATES 
Geologists Engineers —Geophysicists 
Industrial Consultants 


Office and Laboratory—308 N. Orchard St. 
Mail Address—P.O. Box 189 


Urbana, Illinois 


Guide Books to the Field 


Send for your free copy of “A List of 
A.W.W.A. Publications,” listing books. 
manuals and specifications published 
by the Association. 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


A. S. BEHRMAN 


Chemical Consultant 


Water Treatment 
Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. 


Chicago 6, Iil. 


BOWE, ALBERTSON 
& ASSOCIATES 
Engineers 
Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Disposal— Analyses 
Valuations—Reports— Designs 


110 William St. 2082 Ki Highway 
Fairfield, 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


New York 7, N.Y. 
BUCK, SEIFERT AND JOST 
Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 
Water Suppty—Sewace DisposaL— 
Hypravitc DeveLopmMENTs 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage 
ment, Chemical and Biological Laboratories 


112 B. 19th Se., New York 3, N. Y. 
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BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad St. Columbus 15, Ohio 


DE LEUW, CATHER & COMPANY 


Sewerage 
Highways 
Grade 
.ocal Transportation 
Investigations—Reports—Appraisals 
Plans and Supervision of Construction 
150 N. Wacker Drive 79 McAllister St. 
Chicago 6 San Francisco 2 


Water Supply 
Railroads 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 


Kansas City 2, Mo. Cleveland 14, Ohio 
P.O. Box 7088 1404 EB. 9th Se. 


NORMAN O. ELDRED 
Consulting Engineer 


Water Works, Softening and Filtration 
Plants. Municipal and Industrial Water 
Conditioning Equipment of All Types. 
Designs, Plans, Specifications, Estimates, 
Reports, Supervision. 


Vicksburg, Mich. 
Vicksburg 3271 


508 Draper St. 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Bennetr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


FAY, SPOFFORD & THORNDIKE 


Engineers 
Charles E. Spofford Ralph W. Horne 
John Ayer William L. Hyiand 
Bion A. Bowman Frank L. Linooln 
Carroll A. Farwell Howard J. Williams 
Water Suppty 
SeweraGe anpD Sewacs TREATMENT—AIRPORTS 


Investigations Reports Designs Valuations 
Supervision of Construction 
Boston 


CAMP, DRESSER & McKEE 


Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


New York 
FINKBEINER, PETTIS & STROUT 


Car.eton 8. FINKBEINER C. E. 
Harotp K. Srrovt 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Suppiy, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


Toledo 4, Ohio 


518 Jefferson Avenue 


THE CHESTER ENGINEERS 


Water Supply and Purification, 
Sewerage Systems, Sewage and 
Industrial Waste Treatment, 
Power Development and Applications, 
Investigations and Reports, 
Valuations and Rates 


210 B. Park Way at Sandusky 
PITTSBURGH 12, PA. 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply—Sewerage 

Flood Control & Drainage —Bridges 
Ornamental! Street Lighting — Paving 
Light & Power Plants--Appraisals 


331 B. Ohio St. Chicago 11 


FULBRIGHT LABORATORIES, Inc. 


Consultants 
Chemists and Chemical Engineers 


Industrial Water and Waste 
Surveys 


Tel. 5-5726 


P 
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GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 
Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads—Airports—Bridges— Flood Control 
Town Planning—Appraisals 
Investigations & Reports 


Harrisburg, Pa. 


Scranton, Pa. Pittsburgh, Pa. 


Professional 
Seruices 


(contd.) 


G. L. GEISINGER 


Consulting Engineer 


Water Works—Treatment— Filtration 


Design—Operation — Reports 


Laboratory Analysis 


122 Elliott Ave., W. Seattle 99, Wash. 


Look to the Journal 
Advertising Pages 


for guidance when you require professional serv- 
ices or water works products. A condensed 
“Buyers’ Guide” appears in the final pages of 
this issue. 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


Public Relations Consultant 
Willing Water cartoons available in low-cost 
blocked electrotypes and newspaper mats for 
use in building public and personnel good will. 

Send for catalog and price list 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


HAZEN AND SAWYER 
Engineers 
Ricnarp Hazen Aurrep W. Sawyer 


Municipal and Industrial Water Supply 
*urification and Distribution 
Sewage Works and Waste Disposal 
_ Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd Street New York 17, N.Y. 


GLACE & GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and 
Supervision of Operation 


1001 North Front St., Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 


Sewerage, Sewage Treatment 


Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner ¥.¢ 


Lischer 
H. Shifrin E. E. Bloss 


Water Supply—Airports—Hydraulic Engineer- 
ing — Sewerage — Sewage Treatment — Munici- 
pal Engineering— Reports 


Shell Building St. Louis 3, Mo. 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 
of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 
175 W. Jackson Bivd. 
Chicago 4, Ill. 
and Principal Mfg. Centers 


HAVENS & EMERSON 


W. L. Havens 
A. A. Burger F. C. 
W. L. Leacu 


. A. EMERSON 
F. W. Jones 
H. H. Moserey J. W. Avery 
Consulting Engineers 
Water, Sewage, Garbage, 
Wastes, Valuations 
Leader Bldg. 
CLEVELAND 14 


Industrial 
Laboratories 
Woolworth Bidg. 
NEW YORK 7 


THE _JENNINGS- LAWRENCE CO. 


Cc. C. Walker F. L. Swiekard 
B. I. Sheridan R. L. Lawrence 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


12 N. Third Street Columbus 15, Ohio 
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ROBERT M. JOHNSTON 
AND ASSOCIATES 
Consulting Chemists — Bacteriologists 


Analyses—Water, Sewage, Industrial Waste 


Research Litigations 


504 N. Second St. Harrisburg, Pa. 


JONES, HENRY & 
SCHOONMAKER 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


Parsons, Brinckerhoff, Hall & Macdonald 

G. Gale Dixon, Associate 
Engineers 
Dams Water Works Sewerage 
Airports Bridges Tunnels 

Traffic & Transportation Reports Highways 

Subways Foundations 

Harbor Works Valuations 

Power Developments Industrial Buildings 


51 Broadway, New York 6, N.Y. 

MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


MaLcotm Ernest W. 
G. G. Werner, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 18, N. Y. 


MORRIS KNOWLES INC. 


Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning. 


Park Building Pittsburgh 22, Pa. 


Consulting Ground Water Geologist 
Water Supply Salt Water Problems 
Dewatering Investigations | 
Recharging Reports 


551 Fifth Avenue New York 17, N. Y. 


METCALF & EDDY 
Engineers 
Water, Sewage. Drainage, Refuse 
and Industrial Wastes Problems 
Airfields Valuations 
Laboratory 


Statler Buildi 
Boston 16 


THE PITOMETER COMPANY 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; eeeons 
& Reports; Design; Supervision o' 

Construction & Operation 
Analytical Laboratories 
1 Lee Place Paterson 1, N. J. 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th St. New York 55, N.Y. 


THE H. C. NUTTING COMPANY 
Engineers 
Water Distribution Studies 
Water Waste Surveys 
Trunk Main Surveys 


Meter and Fire Flow Test 


4120 Airport Road 


Cincinnati 26, Ohio 


RIPPLE & HOWE 
Consulting Engineers 
O. J. B. V. Howe 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 


ants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 


Refuse Disposal, Airports 
426 Cooper Bidg., Denver 2, Colo. 


R. M. LEGGETTE | 
| | 
THOMAS M. RIDDICK 
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NICHOLAS A. ROSE 
Consulting Ground Water Geologist 
Investigations 


Reports 
Advisory Service 


1309 Anita Ave. Houstoa 4, Tex. 


Professional 
Seruices 


(contd.) 


RUSSELL & AXON 
Consulting Engineers 


Geo. S. F. E. Wenoer 
Joe Wiiutamson, Jr. 
Civil——Sanitary—Structural 
Industrial—Electrical 
Rate Investigations 
408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply Sewerage Waste Disposal 
Mechanical Structural 
Surveys Reports 
209 South High Se. 


Appraisals 
Columbus, Ohio 


SPECIFICATIONS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 


Send for list of publications. 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Purification; Sewerage, 
age and Industrial Waste Treatment. 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


Consulting Ground-W ater Hydrologists 
GROUND-WATER SUPPLIES 
Evaluation; Planning of New Developments; 
Operational and Maintenance Advice; Legal 
Proceedings; Artificial Recharge, Induced River 
Infiltration, Well Interference and Other 
Ground-Water Problems. 


307 W. 12th St. 


Austin 1, T: Tel. 7-7165 


SMITH AND GILLESPIE 


Consulting Engineers 
Water Supply and Treatment Plants; 
Sewerage, Sewage Treatment; Utilities; 
Zoning; Reports, Designs, Supervision of 
Construction and Operation; Appraisals. 
P.O. Box 1048 Jacksonville, Fla. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869.) 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 

Problems 


89 Broad St. Boston, Mass. 


STANLEY ENGINEERING 
COMPANY 


W aterworks—Sewerage 
Drainage—Flood Control 
Airporte—Electric Power 


Hershey Building 
Muscatine, Ie. 


WHITMAN, REQUARDT 


& ASSOCIA 


Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical —Electrical 
Reports, Plans, 
Supervision, Appraisals 
1304 Se. Paul Sc. Bekimore 2, Md. 
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AMERICAN 
WATER WORKS 
ASSOCIATION 


NEW MEMBERS 


Applications received March 1 to March 
31, 1952 


Babcock, Russell H., Asst. Mgr., Utilities 
Industry Div., Foxboro Co., Foxboro, 
Mass. (Apr. ’52) MP 

Baker, V. W., see Wisconsin Rapids (Wis. ) 
Waterworks & Lightning Com. 

Baker Metropolitan Water & San. Dist., 
John Couper, Water Supt., 3019 Long- 
fellow Pl., Denver 11, Colo. (Corp. M. 
Apr. ’52) MPR 


Bard, Thomas G., Civ. Engr., Berylwood 


Inv. Co., Somis, Calif. (Apr. '52) 

Bauer, L. P., Mgr. & Treas., Maryville 
Deep Well Water Assn., Box 218, 
Georgetown, S.C. (Apr, '52) 

Baum, Richard Edward, Supt. 
Works, Mount Prospect, Ill. (Apr. '52) 
M 

Baxter, Samuel S., Water Comr., 1103 
City Hall Annex, Philadelphia 7, Pa. 
(Apr. '52) MP 

Beauchemin, J. A., Beauchemin & Hurter, 
Cons. Engrs., 609 Drummond Bldg., 
Montreal, Que. (Jan. '52) 

Berry, Theodore Victor, Comr., Greater 
Vancouver Water Dist., 
B.C. (Apr. M 

Bloxam, L. P., Supt., Elec. 
Plant, 99 Market St., 
BA. (Age: 

Burk, L. B., Water Works Supt., Eldorado, 


Tex. (Apr. '52) M 


Vancouver, 


& Water 


Bennettsville, 


of Water | 


VEMBERSHIP CHANGES 


V ol. 44, No.5 


Caldwell, Creed, City Engr., Pine Bluff, 
Ark. (Apr. ’52) R 

Clancy, John H., Dist. Mgr., Johnston 
Pump Co., Box 1455 Burlington Station, 
Omaha, Neb. (Apr. 

Cote, Joseph Leon, Pres., L’Association 
des Proprietaires D’ Aqueducsdu Quebec, 
175 Grande Allee, Quebec, Que. (Apr. 
MR 

Couper, John, see Baker Metropolitan 
Water & San. Dist. (Colo.) 

Croker, Mark F., Water Comr., Water 
Dept., City Hall, Newton Centre, Mass. 
(Apr. ’52) M 

Denison, Edward S., see Latham Water 
Dist. (N.Y.) 

Dickson, Donald Byron, Supt.-Acting 
Mer., Sunshine Water Co., 11725 S. 
Carmenita Rd., Norwalk, Calif. (Apr. 
’52) 

Dingwall, Douglas, Supt., Water Dist., 
226 Main St., Presque Isle, Me. (Apr. 

Dunavant, William, Jr., Chief 
Fulton, Mo. (Apr. ’52) M 

Eagle, James Bryan, Accountant, Munic. 
Water Works, Little Rock, Ark. (Apr. 

Gieser, Ralph H., Jr., Chief Chemist, 
Rheem Mfg. Co., 12000 E. Washington 
Blvd., Whittier, Calif. (Apr. "52) PR 

Gossett, Orthy C., Field Repr., Winter 
Weiss Co., 5510 Wadsworth Blvd., 
Arvada, Calif. (Apr. ’52) MR 

Greenwood, William, City Engr., City 


Engr., 


Hall, Sarnia, Ont. (Apr. '52) 

Groseclose, Herman C., Cons. Engr., 1915 
N.W. 38th St., Oklahoma City, Okla. 
(Apr. MPR 

Hall, Charles Odell, Supt., Water Works, 
Rogers, Arkansas (Apr. ’52) MP 

Hall, M. Vell, Asst. Supt., Munic. Water 
System, Hot Springs, Ark. (Apr.’52) R 

Harman, William Martin, Engr., Arkansas 
Inspection & Rating Bureau, 512 Hall 
Bldg., Little Rock, Ark. (Apr. 

Harper, C. N., City Engr., Osage City, 
Kan. (Apr. '52) 

Harwood, R. W., see Lindsay, P. K., Co. 

Helmreich, Merwin Rea, Customer Service 
Section, Board of Water Supply, Hono- 
lulu, Hawaii (Apr. '52) M 

Higginson, F. D., Supt., Public Utiliues 

Com., Box 360, Picton, Ont. (Jan. °52) 


(Continued on page 32) 
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GOOSENECKS 


TAPPING 
DRILLING — 
MACHINES 


It Pays to Buy HAYS... high quality water 
service bronze, 85-5-5-5 mix ... hydrostatically 
tested at 200 Ibs. or more ... plugs individually 
ground in for perfect fit . . . Hays Corporation 
Stops can be inserted with your tapping machine. 


COPPER BRASS + LEAD IRON 


WATER WORKS PRODUCTS 


HAYS MANUFACTURING CO., ERIE, PA. 


3 
CORPORAT! 


MEMBERSHIP CHANGES 


Vol. 44, No.5 


(Continued from page 30) 


Hixon, Albert E., Supt., Water Treatment, 
Town Hall, Cayce, S.C. (Apr. '52) 

Humphries, J. B., Sr., Chief Operating 
Engr., Munic. Water System, Hot 
Springs, Ark. (Apr. '52) P 

Huntsville Munic. Water Co., C. E. Shinn, 
Sr., Supt., Huntsville, Ark. (Corp. M. 
Apr. ’52) M 


Iles, William, Jr., Supt., Water Works, | 
Box 667, 


Board of Public Affairs, 
Batavia, Ohio (Apr. '52) MP 


Jackson, Ray Arthur, Asst. Engr., Constr. 


Div., Washington Suburban San, Com., | 


Hyattsville, Md. (Apr. ’52) M 


Johnson, Wallace, Water Maint. Supt., | 


Box 97, Huron, S.D. (Apr. 52) 

Jones, David R., Distr. Supt., Shenango 
Valley Water Co., Sharon, Pa. (Apr. ’52) 
M 

Jones, Marvyn, see Walnut Ridge (Ark.) 
Water Works 


Kennedy, A. P., see Toronto 
Township Waterworks 


(Ont.) 


Meholick, George, Jr., City Mgr., City 
Hall, Wakefield, Mich. (Apr. ’52) MR 

Meinhertz, John, Water Supt., Sylvan 
Grove, Kan. (Apr. '52) MR 

Meyer, Harlan W., City Engr., Box 97, 
Huron, S.D. (Apr. 

Miller, Bert E., see Madison (Wis.) Board 
of Water Comrs. 

Nelson, Carl R., Accountant, Water 
Board, City Hall, Adrian, Mich. (Apr. 
M 

North, Harry S., Jr., Lab. Technician, 
Water Dept., Phoenix, Ariz. (Apr. ’52) 
P 

Parke, Harold Ralph, Chief Operator, 
Water Works, Sidney, Ohio (Apr.’52) 
MP 

Pelton, H. L., Munic. Contractor, Box 
341, Springdale, Ark. (Apr. '52) MR 


| Porter, Harry T., Sales Engr., Harry T. 


Kirwan, Kenneth K., Chief Engr., Centri- 
line Corp., 140 Cedar St., New York 6, 


N.Y. (Apr. ’52) M 


Laing, William Henry, Jr., Water Supt., | 


Water Works, 


M 


Chesterfield County 
Chesterfield, Va. (Apr. '52) 


Latham Water Dist., Edward S. Denison, | 


Supt., Town Hall, Newtonville, N.Y. 
(Mun. Sv. Sub. Apr. ’52) MPR 
Levin, Paul, Jr. San. Engr., Water Safety 
Control Section, 3300 E. Cheltenham 
P1., Chicago 49, Ill. (Jr. M. Apr. ’52) P 
Lindsay, P. K., Co., R. W. Harwood, 
Sales Mgr., 97 Tileston St., Everett 49, 
Mass. (Assoc. M. Apr. '52) 
Long, Robert F., see Long, V. Y., & Co. 
Long, V. Y., & Co., Cons. Engrs., Robert 


| St. Peter City Council, E. 


F. Long, Partner, 1300 Colcord Bldg., | 


Oklahoma Okla. 


Apr. 


City 2, 
PR 


(Corp. M. 


Longley, James Edward, Secy., Lock Joint | 


Pipe Co., 150 Rutledge Ave., East 


Orange, N.J. (Apr. '52) R 


Lybeer, Leopold, Gen. Foreman, Dept. of | 


Water Supply, 3451 Orleans St., Detroit | 


7, Mich. (Apr. 52) M 


| 


Madison Board of Water Comrs., Bert E. | 


Miller, Pres., City Hall, Madison 3, 
Wis. (Corp. M. Jan. 52) M 


(Continued 


Porter Co., 1425 Union Central Bldg., 
Cincinnati 2, Ohio (Apr. ’52) 

Pratt, Willard S., Director of Public 
Works, City Hall, Newton, Mass. (Apr. 
M 

Rickurds, J. A., see Washington (N.C.) 
Utilities Com. 

Roberts, William J., Mgyr., James B 
Clow & Sons, 1104 Riss Bldg., Kansas 
City, Mo. (Apr. 

Robinson, George J., Jr., Partner, Robin- 
son Constr. Co., 711 Main St., Pine 
Bluff, Ark. (Apr. '52) P 

Rodriguez, Luis M., Civ. Engr. & Archi- 
tect, Falgueras No. 412, Cerro., Havana, 
Cuba (Apr. 

Ross, Alfred, Water Treatment & Sewage 
Disposal Supt., Box 97, Huron, S.D. 
(Apr. 

V. Vinquist, 
Supt., Light & Water Dept., St. Peter, 
Minn. (Corp. M. Apr. M 

Sanderson, Marvin R., Branch Mer., 
Layne Arkansas Co., Jonesboro, Ark. 
(Apr. ’52) R 

Schiavone, Ulderico M., City Engr., City 
Hall, Newton, Mass. (Apr. '52) MR 

Schosser, Frank Alfred, Asst. Engr., 
Elec. & Water Eng. Dept., 34 S. Laura 
St., Jacksonville 2, Fla. (Apr. ’52) 

Schrauth, Amandus Joseph, Hydr. Field 
Engr., The Pitometer Co., 50 Church 
St., New York, N.Y. 


on page 34) 
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ONE OF THE 
FINEST 


* for the city 


of wauwatosa 


Layne points with pride to a recent deep well 
and four vertical turbine pump installation for 
the city of Wauwatosa, Wisconsin. From an over- 
all capacity, control flexibility, high efficiency, 
smoothness of operation and modern engineer- 
ing, this is one of the very finest water supply 
plants in the state. The |750 foot deep well, 
cement grouted from top to bottom, produces 
1650 gallons of water per minute against a 
dynamic head of 145 feet. All water for the 


Li TYME 


LAYNE G&G BOWLER, 
General Offices, Memphis 8, Tenn. 


IN ‘WISCONSIN 


city of Wauwatosa is 100 percent from Layne 
pumps. 


This installation is typical of Layne’s all in- 
clusive services. Everything from the original 
test borings to the well drilling, sand screen and 
pumps and motors, was handled complete by 
Layne’s own crews operating under the direct 
supervision of Layne engineers. It is such 
splendid services and outstanding results that 
Layne and Layne alone in the Nation is in a 
position to offer cities, factories, mills and plants 
of all kinds whether the need is for a single- 
unit or for many. For late catalogs, bulletins, 
etc., address 


INC. 


WATER WELLS 


VERTICAL TURBINE PUMPS — WATER TREATMENT 


f 
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Senkus, Walter F., Dist. Mgr., DeLaval 
Steam Turbine Co., 419 Stephenson 
Bldg., Detroit 2, Mich. (Apr. '52) 

Shinn, C. E., Sr., see Huntsville (Ark.) 
Munic. Water Co. 

Sipe, John K., Water Supt., Mankato, 
Kan. (Apr. MWR 

Smith, John W., Water Production Super- 
visor, Phoenix, Ariz. (Apr. ’52) 

Sockwell, Charles, see Sockwell Co. 

Sockwell Co., Charles Sockwell, Jr., 156 
Rogers St., N.E., Atlanta 6, Ga. (Assoc. 
M. Apr. 

Stearns, Fred M., Utilities Supt., Dighton, 
Kan. (Apr. WR 

Stephenson, C. A., Chief Engr., Arkansas 
Inspection & Rating Bureau, 512 Hall 
Bldg., Little Rock, Ark. (Apr. '52) 

Swartz, Samuel O., Bacteriologist, Water 
Div., Metropolitan Dist. Com., 20 
Somerset St., Boston, Mass. (Apr. °52) 
MP 

Tanck, Ralph E., Supt., Sewer & Water 
Dept., Ness City, Kan. (Apr. 52) MR 

Toronto Township Waterworks, \. I. 
Kennedy, Engr., Cooksville, Ont. (Corp. 
M. Apr. 

Valente, George A., Borough Enegr., 
Caldwell, N.J. (Apr. "52 

Vinquist, E. V., see St. Peter (Minn. 
City Council 

Walnut Ridge Water Works, \arvyn 
Jones, Mgr., Walnut Ridge, Ark. (Corp. 
M. Apr. ’52) MP 

Washington Utilities Com., |. \. Rickards, 
Supt., Washington, N.C. (Corp. M. Apr. 
MPR 

Wisconsin Rapids Waterworks & Lighting 
Com., V. W. Baker, Supt., Wisconsin 
Rapids, Wis. (Corp. M. Apr."52) MPR 

Witte, M. A., Testing Engr., Oklahoma 
Testing Labs., 310 N. Klein St., 
Oklahoma City, Okla. (Apr. '52) WP 

Wood, Warren Frederick, Haddon Supt. 
of Public Works, 8 Reeves Ave., West- 
mont, N.J. (Apr. 

Wooster, Harry M., Engr., Shenango 
Valley Water Co., Sharon, Pa. (Apr. 
"52) M 

Wyshank, Leo T., Asst. San. Engr., 
Water Safety Control Section, Div. of 
Water Purif., 3300 E. Cheltenham PL., 
Chicago 49, Ill. (Apr. '52) MP 


REINSTATEMENTS 


Ammons, Delton E., Dist. Supt., Southern 
California Water Co., 10426 S. Nor- 
mandie Ave., Los Angeles 44, Calif. 
(Apr. 

Clemens, Levon, Water Works Supt., 
Kingsford Corp., R.R. 2, Laporte, Ind 
(Oct. '48) 

Clift, Mortimer A., Sales Agent, 815 
Berkley Rd., Indianapolis 8, Ind. 
(Oct. 

Dan River Mills, Inc., H. C. Jones, Supt., 
Filtration, Danville, Va. (Corp. M. 
Apr. 

Daykin, Jason N., Supt., City Water 
Dept., Taylorville, Il. (July '48) 

Health, Donald M., Service Engr., Morton 
Salt Co., 801 S. 11th St., Lafayette, Ind. 
(Jan. P 

Horner, J. L., City Mgr., Carthage, Tex. 
(Oct. '39) M 

Joliet, City of, Joseph F. Whalen, Comr. 
of Public Property, City Hall, Joliet, 
Ill. (Corp. M. Oct. '41) 

Jones, H. C., see Dan River Mills, Inc. 

Letbetter, W. M., Supt., Water & Sewer 
Improvement Dist., 122 W. 2nd St., 
Corning, Ark. (Jan. '49) 

Lindeen, Leonard F., Foreman, Distr. 
Svstem & Meter Div., City Water 
Dept., Box 143, Wilmette, IIL. (Jan. '46) 

Rauscher, John F., Engr., Water Dept., 
City Hall, Tucson, Ariz. (Oct. ’47) 

Sells, James, Sales Engr., Rockwell Mfg. 
Co., Box 290, Alexandria, La. (Jan. °50) 

Whalen, Joseph F., see Joliet (Ill.) 


LOSSES 
Deaths 


Berigtold, Charles N., Jr. Assoc. Engr., 
Bureau of Water Supply, 8 W. 2nd 
Ave., Baltimore 25, Md. (Oct. '49) 

Gilbert, Gordon M., Comr., Greater 
Vancouver Water Dist., Sun Bldg., 
Vancouver, B.C. (Jan. '49) 

Hawley, John J., Sales Service, Hersey 
Mfg. Co., 4405 S. Calhoun St., Fort 
Wayne 6, Ind. (Apr. ’43) 

Hayes, Joseph A., Sales Engr., Neptune 
Meter Co., 2701 Chestnut St., Camp 
Hill, Pa. (Apr. '49) 


(Continued on page 36) 
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Superior strength... economy of design 


In AMERICAN CONCRETE CYLINDER PIPE these four advanced design 


feetures give you greater strength with greatest economy of steel components. 


Manufactured in diameters 14” Steel cylinder provides a 
through 42” for pressures of a aad 
100 psi and greater. ae positive water seal or mem- 
oy brane as well as part of the 
required total steel area*. (Thick- 
ness of the cylinder varies ac- 
cording to pipe diameters and 
general design requirements). 
Each cylinder is hydrostatically 
tested to a unit stress of at least 
22,000 psi. 


Centrifugally spun concrete 

lining is of proper mixture 
and dense compaction. Its thick- 
ness adds rigidity and strength 
through “arching” effect (nom- 
inal minimum lining thickness is 
%” for 14” and 16” diameters 
and %” for larger diameters). 
Cylinder is lined prior to rod 


\ 
[3] Steel reinforcing rods, which sup-\ 


plement the required steel area*, 
are wrapped under measured tension Dense concrete jacket or 
and accurate spacing around the con- coating (nominal minimum 
crete lined cylinder. The section modu- 1” thickness over the cylinder) is 
lus is thus increased while the concrete “locked” around the rod wrap- 
lining is placed under slight initial ping over the entire surface of 
compression. The result is, in effect, a the cylinder. This is an impor- 
modified prestressed design. tant structural feature. 


*Total cross sectional steel area is based on 13,500 psi max. allowable unit stress at the de- 
sign operating pressure. 


Superior design affords the most economical and effective use of steel and 
concrete to produce the best quality of pressure pipe at less cost to the purchaser. 
Economical first cost plus ease of installation, sustained capacity and trouble 
free service all help to reduce the cost of delivered water. 


Complete information upon request. © 1950—A. P. & C. Co. 


Concrete Pipe for Main Water 
Supply Lines, Storm and Sanitary 
Sewers, Subaqueous Pipe Lines 


P. 0. Box 3428, Terminal Annex, 
() PIPE AND CONSTRUCTION CO.) Los Angeles 54, California 


Main Offices and Plant—4635 Fire- 
stone Bivd., South Gate, Calif. 


District Sales Offices and Plants — Oakland @ San Diego @ Portland, Ore. 


ome 
| 
_ 
is 
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Murray, Joseph J., Water Comr., Water 
Dept., 1000 Commonwealth Ave., New- 
ton Centre 59, Mass. (Oct. '39) MR 

Winkley, John M., Supt., Water Works, 
Monon, Ind. (Apr. 46) M 


Resignations 


Allison, William R., see Washington (Ind.) | 


Water Works 
Moon, Gerald R., Water Treatment 
Technician, Blackford Window Glass 
Co., Vincennes, Ind. (July 51) P 
Washington Water Works, William Rk 
Allison, Office Mgr., City Hall, Wash- 
ington, Ind. (Corp. M. Apr. ’51) M 


CHANGES IN ADDRESS 


Changes received between March 5, and 
April 5, 1952 


Agent, Metropolitan Utilities 
18th & Harney Sts., Omaha 2, 
(Apr. ’51) 


Neb. 


Arismendi, Carmelo, Instituto Nacional | 
de Obras Sanitarias, Reducto a Clorieta | 


88, Caracas, Venezuela (Oct. ’51) 
Banks, Harvey O., 431 Ross 

Sacramento 21, Calif. (Jan. ’41) PR 
Indianapolis, Ind. (Oct. '46) 


Beamer, Norman H., Dist. Chemist, U.S. 
Geological Survey, 1302 Customhouse, 


MP | 
Way, | 


Foote, Herbert Branch, Div. Environ- 
mental San., State Board of Health, 
Helena, Mont. (Aug. '23) Director ’31 
°33. Fuller Award '42. MP 

Garland, Chesley F., 3243 E. Linden St., 
Tucson, Ariz. (Jan. ’42) MPR 

Godshall, D. A., Sr., Civ. Engr., 335 E 
St., Oxnard, Calif. (Apr. ’51) 

Grune, Werner N., Public Health Engr., 
Div. of Water Pollution Control, U.S. 
Public Health Service, 12 Lynn Court, 
Rutherford, N.J. (Oct. ’49) MPR 

Harper, L. E., Pres., Omega Machine Co., 
345 Harris Ave., Providence 1, R.I. 
(July '37) P 


_ Hauck, Charles F., Engr., Chem. Plants 


Div., Blaw Knox Constr. Co., 930 
Duquesne Way, Pittsburgh 30, Pa. 
(Apr. ’42) MPR 


| Heiberg, A. S., see Willmar (Minn.) 


Water & Light Dept. 


_ | Hubbard, E. C., Exec. Secy., State Stream 
Anderson, Frank W., Gen. Purchasing | 


Dist., | 


San. Com., Box 2091, Raleigh, N.C. 
(Oct. ’43) MPR 

Ilion Board of Water Comrs., C. Gordon 
Rahm, Megr., Ilion, N.Y. (Mun. Sv. 
Sub. Mar. ’24) MPR 

Karpen, Raymond J., MSC, 4330 Marl- 
borough St., San Diego, Calif. (Jan. 
46) P 


| Klaus, Fred J., 1311—15th St., Sacra- 
Bass, J. H., Infilco Inc., Claypool Hotel, 


2nd & Chestnut Sts., Philadelphia, Pa. | 


(Jan. R 


Bosch, A., see National Automatic Sprin- | 


kler & Fire Control Assn. 


Burba, Foster S., 644 Sizeler St., New | . : 
| Lamb, James C., III, 284 Westgate W., 


Orleans, La. (Jan. '49) MPR 


Carroll, John T., Asst. Dist. Mgr., Worth- 
ington Corp., LaSalle Hotel, South 
Bend, Ind. (July '25) 

Chandler, Sidney W., Civ. Engr., Biggs, 
Weir & Chadler, 336 Meadowbrook Rd., 
Jackson, Miss. (Jan. ’51) P 


Coleman, Richard D., Dept. of Industrial 
Health, Harvard School of Public 
Health, 55 Shattuck St., Boston 15, 
Mass. (Apr. '51) P 

Dunstan, James, 1043 


Wenatchee, Wash. (Apr. '38) MP 


Monroe St., | 


mento, Calif. (Oct. ’15) 

Koch, Alwin G., 6536—102nd Pl., N.E., 
Kirkland, Wash. (July 50) PR 

Kochtitzky, Oscar W., Jr., Health & 
Safety Div., Tennessee Valley Author- 
ity, Chattanooga, Tenn. (July 49) PR 

LaMarre, Rene J., Route 2, Box 354, 
Pompano Beach, Fla. (Jan. '35) Direc- 
tor '47-"50. 


Cambridge, Mass. (Oct. ’49) 
Langworthy, Virgil W., 136 Sylvan Knoll 
Rd., Stamford, Conn. (Jan. '50) 
Lau, Curtis W., Sales Engr., 314 Old 
Garden Lane, York, Pa. (Oct. ’50) 
Lozada C. L. A., Carrera 19, No. 124, 
Barquisimeto, Venezuela (Jan. 41) 
MacLean, Gordon E., Sales & Service, 
Dearborn Chem. Co., 3503 Rainbow PI., 
Nashville 4, Tenn. (Oct. '49) 
Macomber, Ronald Gibbs, Mutual Secur- 
ity Agency, APO 928, c/o Postmaster, 
San Francisco, Calif. (Jan. ’48) PR 


(Continued on page 38) 
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MUELLER 


WATERWORKS at of 


EQUIPMENT 


TAPPING & DRILLING 
MACHINES 


CURB STOPS SERVICE CLAMPS TOOLS 
No. H-10201 No. H-10496 No. H-10680 


| 
| 
— 
| 


METER SETTING 
EQUIPMENT 


No. H-14000 Meter Yoke GATE VALVES 


FIRE HYDRANTS 


REDUCING & REGULATING 
VALVES 
No. H-9000 


MUELLER CO. offers you a complete selection of water- 
works distribution equipment, supplies and specialties 
designed and manufactured to high standards of quality 
and perfection. “Write for catalog information on any of 
these product lines. 


Dependable Since 1857 


MAIN OFFICE & FACTORY DECATUR, ILLINOIS 


P&R 37 

| No. H-10001 | 
| 
| ; 
| SERVICE BOXES 
| 

| 

| 

/ | | 
| | 

| 
MUELLER CO. | 
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McBride, George A., Sales Engr., Infilco 
Inc., Van Orman Hotel, Fort Wayne, 
Ind. (July P 


McCall, Robert George, MSC, Army 
Environmental Health Lab., Army 
Chemical Center, Md. (Jan. 39) P 

McKimmon, William S., Chief, Eng. 
Section, San Eng. Div., State Board of 
Health, Box 2091, Raleigh, N.C. (Jan. 
*50) 

Moloney, John Irwin Thomas, 1627 
Virginia Dr., Urbana, Ill. (Jr. M. Jan. 
oa) 


Munroe, Walter C., Chief Engr., Anne 
Arundel County San. Com., Glen 
Burnie, Md. (Jan. '’24) P 

Moore, Carl C., Dist. Mgr., Pittsburgh 
Equitable Meter Div., Rockwell Mfg. 
Co., 600 Grant St., 
(Apr. '39) 


National Automatic Sprinkler & Fire 
Control Assn., A. Bosch, Secy.-Treas., 
205 E. 42nd St., New York 17, N.Y. 
(Corp. M. Jan. '42) 

Nesbitt, John B., 250 S. Gill St., State 
College, Pa. (Jr. M. Jan. ’49) MPR 
Olsen, Carl Stanford, 10903 S.E. 25th St., 

Bellevue, Wash. (Oct. WPR 


Pittman, William G., see Pittman, William 
G., Go... Inc. 

Pittman, William G., Co., Inc., William 
G. Pittman, 61 Voorhis Lane, Hacken- 
sack, N.J. (Assoc. M. Oct. '49) 

Proske, H. O., Sales Engr., Rockwell Mfg. 
Co., 1249 Burlington Ave., North 
Kansas City, Mo. (Jan. ’50) 

Rahm, C. Gordon, see Ilion (N.Y.) Board 
of Water Comrs. 


Schwada, Joseph P., 2736 N. Sholes Ave., 


Pittsburgh, Pa. | 


Wis. 


Director 


(May ’24) 
"4049, 


Fuller 
Diven 


Milwaukee, 
Award 
Medal P 

Smith, Philip W., Field Supt., Dept. of 
Water & Power, 3426 Rowena Ave., 
Los Angeles 27, Calif. (Oct. '43) M 

Stead, John E., Pres., Indian Head 
Water Co., Inc., 1427 E. Lafayette St., 
Tallahassee, Fla. (Jan. ’51) M 


| Stone, Raymond V., Jr., Research San. 


Paessler, Alfred H., Exec. Secy., State | 


Water Control Board, 415 W. Franklin 
St., Richmond 20, Va. (Jan. '49) R 
Palm, Millard Blaine, AO 2239595, Sth 

Medical Squadron, Travis Air Force 
Base, Fairfield, Calif. (Jr. M. Oct. ’51) 
Pell, William I., Claymont Steel Corp., 
Claymont, Del. (July '45) R 

Pitman, Ike W., Salesman, 
Meter Co., 254 Spring St., 
Atlanta 3, Ga. (July '49) 


Neptune 
N.W., 


Engr., Univ. of California, 2180 Milvia 
St., Berkeley, Calif. (Apr. '50) 

Striger, R. M., Cavallo & Wise, Engrs., 
203 Barnett Maddan Bldg., Jackson, 
Miss. (Oct. P 

Thoits, Edward D., Sales Div., The Dorr 
Co., Inc., Box 21, Palo Alto, Calif. 
(Jan. 

Vetromile, Daniel S., Sales Engr., 4 Alder 
Dr., Ramsey, N.J. (Oct. '49) 

Whittaker, Harold Arthur, National Re- 
search Council, Div. of Medical Sciences, 
2101 Constitution Ave., Washington 
25, D.C. (June '13) 

Willmar Water & Light Dept., A. S. 
Heiberg, Supt., Box 466, Willmar, 
Minn. (Corp. M. July 

Yegen, William, Supt., Filtration Plant, 
Star Route No. 2, Bismarck, N.D. 
(June ’27) P 


P. O. Box 307 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each. 


Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
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ELEVATED 
TANKS, 
RESERVOIRS, 
SPHERES AND 
STANDPIPES 


. . built to all standard 
codes and specifications 
including: A.W.W.A. 
N.B.F.U. F.1L.A. * Fac- 
tory Mutual. 


IRON WORKS 


_ WARREN, PA. and BRISTOL, PA. 


20» axon BOSTON 10 * BUFFALO 2 * CHICAGO 3 CINCIN- 
* EL PASO * HOUSTON 2 * L@S ANGELES 14 + PITTSBURGH 19 
* WASHINGTON 6, HAVANA + “TIPSA,” BUENOS AIRES 


= 
\ | 
| water storage vessels 
| 
‘ 
| 
NATED 
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Key: In the reference to the publication in which 
the abstracted article appears, 39:473 (May °47) 
indicates volume 39, page 473, issue dated May 1947. 


If the publication is paged by the issue, 39:5:1 (May °47) indicates volume 39, number 
5, page 1, issue dated May 1947. Abbreviations following an abstract indicate that it 
was taken, by permission, from one of the following periodicals: B.H.—Bulletin of 
Hygiene (Great Britain) ; C.A.—Chemical Abstracts; Corr.—Corrosion; I1.M.—Insti- 
tute of Metals (Great Britain); P.H.E.A—Public Health Engineering Abstracts; 
S.1.W.—Sewage and Industrial Wastes; W.P.A.—Water Pollution Abstracts (Great 


Britain). 


ANNUAL REPORTS 


Metropolitan Water Board (Gt. Br.). 
47th Annual Report (Year Ending 
Mar. 31, 1950). 128 pp. In the an- 
nual report of the Metropolitan Water 
Board for the year ended 31st March 
1950 information is given on the 
sources, distribution, storage, and treat- 
ment of water supplies for the Metro- 
politan district. The standard of pur- 
ity of the board’s supply was higher 
during 1949-50 than in previous years. 
Of 13,154 samples of water taken be- 
fore distr., 99.9% contained no Esch. 
coli per 100 ml; 99.3% of samples 
taken from consumer’s premises were 
free from Esch. coli. At all filtration 
plants except one, water is now 
treated by superchlorination resulting 
in an increase in bacteriological qual- 
ity and in a reduction of 30% in color. 
In an appendix data are given of the 
amts. of water taken from the rivers 
l.ee and Thames and from wells and 
springs in the area, on rainfall and 
stream flow in Thames and Lee Val- 
leys, and on bact. and chem. quality of 
the water. 


Ann Arbor (Mich.) City Water 
Dept. Annual Report (Year End- 
ing Jan. 31, 1950). ‘otal assets $3,- 
460,805, including $2,091,383 plant 
assets and $670,501 constr. in progress, 
total liabilities $1,274,980, of which 
$1,241,000 bonds outstanding, munici- 
pal equity $2,185,825. Total receipts 
$1,736,816, of which bond issue $1,- 
102,173, total disbursements $1,575,- 
306. Receipts for constr. $1,236,486, 


disbursed $1,172,059. Operating rev- 
enue $341,863, operating expense 
$302,595, including depn. $50,374, net 
operating income $39,268, interest 
$18,958, net income $32,001. Cost per 
mil gal pumped, softened, and _ sold, 
resp., $40.60, $43.07, $47.40 (of which 
about 50% for chemicals), compared 
to 10-yr avgs. $31.47, $32.61, $37.20, 
resp. Power cost 0.93¢ per kwhr, 
$10.72 per milgal pumped. Water 
unaccounted for 14.35%, 5.6% less 
than in 1948. Avg. consumption 6.53 
mgd., 163 gped., max. 10.4 mgd. Well 
water comprised 66% of supply, river 
water 34%. Estd. pop. served 40,000, 
meters 9378, hydrants 538, mains 121 
mi. New mains 13,418 ft, mostly 4 
and 6” avg. cost $3.89 per ft, includ- 
ing 1136’ of 12” at $8.56 per ft.— 
R. E. Thompson. 


Ann Arbor (Mich.) City Water 
Dept. Annual Report (Year End- 
ing Jan. 31, 1951). Total assets $3,- 
514,365, including $2,080,585 plant as- 
sets and $1,100,584 constr. in progress, 
total liabilities $1,253,672, of which 
$1,229,000 bonds outstanding, mu- 
nicipal equity $2,260,692. Total re- 
ceipts $1,066,775, disbursed $847,403. 
Operating revenue $367,859, operating 
expense $300,957, including depn. $47,- 
984, net income before interest $84,- 
160, interest $31,463, net income 
$52,698. Cost per mil gal pumped, 
softened, and sold, resp., $37.93, $41,07, 
and $45.59, compared to 1l-yr avgs. 
$32.17, $33.49, and $38.15, resp. Power 
cost per kwhr 0.92¢, per mil gal 
pumped $10.42. Water unaccounted 


(Continued on page 42) 
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WORTHINGTON - GAMON 


WATCH DOG 


The meter used by 
thousands of munic- 
ipalities in the U.S. 


| 


| 


“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- | 
RACY, LOW MAIN- | 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and so many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Corporation 
296 SOUTH STREET, NEWARK 5, NEW JERSEY 


OFFICES IN ALL PRINCIPAL CITIES 


WATER METERS | 
a 7 | j 
| 


42 P& R 


to WATER WORKS 
and SEWAGE MEN 


HOW TO 
CONTROL 


“The use of Copper Sul- 
phate in Control of Micro- 
scopic Organisms” is an 
authoritative work on con- 
trol of micro-organisms 
and elimination of tastes 
and odors. Describes meth- 
ods of controlling various 
forms of microscopic life 
commonly encountered in 
water supply systems. 
Contains descriptive ma- 
terial, plus 48 photo-micrograph studies of or- 
ganisms discussed. 


ROOT AND 
FUNGUS 
CONTROL 


“Copper Sulphate for 
Root and Fungus Con- 
trol in Sanitary Sewers 
and Storm Drains,’’ by 
John W. Hood, contains 
information published 
for the first time. This 
material includes actual 
methods for control and 
operating procedure. 
Here's the book that is 

a “must” for all sewage men. 
GET EITHER OR BOTH OF THESE 
BOOKLETS ABSOLUTELY FREE— 
These two valuable booklets, so important to all 
water works and sewage men, are yours with- 
out obligation. For your copy of either one or 
both books. write on your company letterhead 
to Dept. JW-552 


PHELPS DODGE REFINING 
CORPORATION 


40 Wall Street New York 5, N. Y. 


CONDENSATION 


V ol. 44, No.5 


(Continued from page 40) 


for 16.849. Avg. consumption 6.74 
mgd, 168 gped, max. 10.97 mgd. 
Well water 68% of supply, river water 
32%. Estd. pop. served 40,000, meters 
9677, hydrants 550, mains 130 mi. 
Cost of 12,852’ new mains laid, mostly 
6”, $3.16 per ft—R. E. Thompson. 


Brockville (Ont.) Public Utilities 


Com. Annual Report (1950). 
Pumpage 1126 mil gal, 759 by do- 
mestic consumers. Hydrants 188, 


valves 404, services 3662, 62 metered. 
Revenue $53,596, expenditures $48,- 
687, profit $4,909. Domestic rates 
$6.72 per yr for up ta 3 rooms, $2.40 
per room for addnl. rooms up to 6, 
$1 per room over 6. Outside town 
limits 25% higher. Meter rates 8 to 
25¢ per 1000 gal, with 10°% discount 
for prompt payment; min. monthly bill 
$1.20.—R. E. Thompson. 


Dubuque (Ia.) Water Dept. An- 
nual Report (Year Ending March 
31, 1951). Supply dates from 1870, 
municipally owned since 1900. Source 
—eight artesian wells, 1300 to 1781’ 
deep, 6 to 16” diam., and mine tunnel 


known as “The Level.” Storage: 
three reservoirs, 10.3 milgal total 
capac.; two elevated tanks, 0.5 and 


0.75 milgal capac.; and 0.6-mil gal 
standpipe. Pop. 49,527, mains 130 mi, 
valves 2508, hydrants 990, meters 11,- 
246. Rates (21% increase) 7 to 27¢ 
per 100 cuft; monthly min. charge 
$0.82 to $15 according to meter size; 
sprinkling system charge $25 to $130 
yr, depending upon number of heads. 
Net profit $89,023, 4% of plant invest- 
ment. Capital improvements ($172, 
459) included main extensions and 
elevated tank. Revenue bonds, $100,- 
000, sold to complete distr. system 
improvements ; sinking fund for retire- 
ment in 4 yr. This is only bonded 
indebtedness. Net value of water plant 
$2,312,616. Static water level drop of 
80’ in past 12 yr has introduced two 


(Continued on page 44) 
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Increasing efficiency, carrying capacity and pressure of 
water mains has been the only business of the 
National Water Main Cleaning Company since 1905. 


During that period, we’ve cleaned over 45,000,000 feet 

of cast iron water mains and, we have yet to find the main 
(regardless of age or condition) that National can’t restore 
to at least 95% of its original rated capacity. 


The cost of National cleaning is small, compared to the 
advantages and savings effected in increased volume and 
reduced pumping costs. Resultant increase in water pressure 
reduces fire hazard, particularly in outlying districts. 


At no obligation to you, our engineers will check the condition 
of your water mains, and if they need cleaning, 
estimate the cost of National cleaning. 


Write or call us today! 


ATIONAL water MAIN CLEANING COMPANY 
33 50 Church Street - New York, N.Y. 


ATLANTA, 333 Candler Building * BOSTON, 115 Peterboro Street * DALLAS, 6617 Snider Plaza 
DECATUR, P.O. Box 385 « ERIE, PA,, 439 East 6th Street * FLANDREAU, S. D., 315 N. Crescent 
Street * KANSAS CITY, MO., 2201 Grand Avenue, 406 Merchandise Mart © LITTLE FALLS, N. J. 
P.O. Box 91, * LOS ANGELES, 448 So. Hill Street * MINNEAPOLIS, 200 Lumber Exchange 
Building * OMAHA, 3812 Castellar Street « RICHMOND, VA., 210 E. Franklin Street * SALT 
LAKE CITY, 149-151 West 2nd So. Street * SAN FRANCISCO, 681 Market Street * SIGNAL 
MOUNTAIN, TENN., 204 Slayton Street * HAVANA, P.O. Box 531 * MANITOBA, CANADA, 
576 Wall Street * MONTREAL, 2028 Union Avenue « SAN JUAN, PUERTO RICO, Apartado 2184 
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new problems: [1] red water in out- 
lying mains, [2] 12% decrease in yield 
per ft drawdown. Further deep well 
development not practicable. If shal- 
low well exploration not successful, 
recourse to Mississippi R. possible. 
System in Class 1 of National Board 
of Fire Underwriters. Free water, 
absence of hydrant rental, and contri- 
bution to city admin. officers’ salaries 
save taxpayers $80,000 annually. Rev- 
enue $284,150, 96.76% from metered 
sales, operation $125,525, maintenance 
$27,592, depn. $41,385, interest $625, 
total expense $195,127, net profit $89,- 
023, city’s proprietary interest $2,- 
312,616. Fixed assets $3,026,042, 
depn. $961,094, total value $2,064,948. 
Power costs at Eagle Point Station 
(lift 224’) 2.9¢, West Third St. Sta- 
tion (200’) 1.11¢, Level Station (250’) 
1.99¢ per 1000 gal. Avg. consumption 


4.3 mgd, 87 gped. Cost of power 
$25.04, operating profit $38.84, total 
receipts $131.62 per mil gal pumped. 
Total cost per 1000 gal consumed 
12.44¢. Water sold 73.28% of pump- 
age, accounted for 84.15%, supplied 
free 4.88%, underregistration 2.2%, 
unaccounted for 13.65%. Bacterial 
count (48 hr) on samples from various 
locations 0 to 26, gas formers absent 
in 10 ml.—R. E. Thompson. 


Elmira (N.Y.) Water Board. An- 
nual Report (1950). History of sup- 
ply since inception in 1858 reviewed. 
Jewell rapid sand filter plant of 18 
units installed in 1896, following ty- 
phoid outbreak, still operating satis- 
factorily. Chlorination commenced 
1909. Municipal ownership since 
1915. About one-third of supply de- 
rived from Hoffman Creek Reservoir 


{Continued on page 46) 


WATER QUALITY 
| & 
J TREATMENT 


Second Edition—Revised and Enlarged 


AWWA's manual of Water Quality and Treatment brought up to date, with 
chapters on: source characteristics; aquatic organisms, quality standards, stream 
pollution and self-purification, impounding reservoir control, aeration, coagula- 
tion, mixing and sedimentation basins, disinfection, taste and odor control, filtra- 
tion, scale and corrosion control, softening, iron and manganese removal, boiler 
water treatment, fluoridation, and treatment plant control. With four appen- 
dixes and an index, that makes 451 pages. 


Price: For general sales, $5.00. For AWWA members sending cash with order, $4.00 


AMERICAN WATER WORKS ASSOCIATION 
521 Fifth Avenue New York 17, N.Y. 
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BOX 


This special feature found in CALMET 
Meters is a unique assembly that acts 
both to reduce friction and to permanently 
prevent the leakage of water into register 
compartment. 


There is approximately 214 times the 
amount of packing used in other water 
meters without undue friction as shown 
by excellent low flow tests. 


The secret of this efficient stuffing box 
is the gland bushing which keeps the shaft 
centered in the packing, in spite of the 
natural tendency of the change gears to 
force it off center. 


The packing is treated to minimize Friction 
by assuring lubrication for the spindle. 


@ SALES REPRESENTATIVES— Write for 
complete details of the CALMET franchise 
in your territory. 


MET WATER METERS 


MADE BY WELL MACHINERY & SUPPLY CO., INC.—FORT WORTH, TEXAS 
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(150 mil gal capac.), 1 mi north of 
plant. Tributary watershed 5 sq mi, 
portion owned by board reforested 
with evergreen trees. Balance of sup- 
ply from Chemung R., drainage area 
of 2050 sq mi. Purif. process includ- 
ing prechlorination, alum coagulation, 
8 to 10 hr settlement, rapid sand filtra- 
tion (24 units), and final chloram- 
moniation treatment. Water pumped 
from 3.5-mil gal low-service reservoir, 
to which water flows from filters, to 
spray nozzle aerators around 5-mil gal 
high-service reservoir. Latter pro- 
vides pressure in excess of 70 psi in 
downtown area. Covered balancing 
reservoir (1.5 mil gal) south of river. 
Metering 100%. Anals. given for both 
supplies. Hoffman Creek: color re- 
duced from 40 ppm to nil, turbidity 
from 50 to nil, bacterial count per ml, 
gelatin, 48 hr 20 C, 550 to 1, Esch. coli 
to 0 (standard sample), total solids 
105 to 85 ppm, hardness 61.8 ppm. 
Chemung R.: color from 8 to 0, tur- 
bidity 5 to 0, total solids 230 to 185, 
bacterial count 150 to 1, Esch. coli to 0, 
hardness 179. Rates 8 to 35¢ per 100 
cu ft, min. charge $2.80 per quarter ; 
outside city 9 to 42¢, min. $3.36; all 
subject to 10% discount for prompt 
payment. Meters 17,316, hydrants 874, 
mains 173 mi, services 15,762. Main 
costs per ft: # to 2” $2.26, 6” $3.78, 
8” $4.35, 10” $5.62, 12” $6.06. Total 
assets $3,979,681, property value $3,- 
662,649, depn. reserve $1,064,361. 
Operating revenue $402,735, operating 
costs $313,422, including taxes $17,743 
and depn. $54,212, operating income 
$89,313, nonoperating income $3,448, 
net income $92,761. Estd. pop. served 
65,000, avg. consumption 7.04 mgd 
(6.8% decrease), 108 gped.  Pptn. 
43.8”, 20-yr avg. 33.6”.—R. E. Thomp- 
son, 


London (Ont.) Public Utilities Com. 
Annual Report (1950). Estd. pop. 
106,271, avg. pumpage 9.86 mgd, 92.8 


gped. Supply chiefly from springs, 
supplemented by river water. Serv- 
ices metered 100%, percentage of 
pumpage metered 85.4. Meters 25,830, 
gate valves 2221, hydrants 1357. Rev- 
enue $666,385, including fire service 
$23,508, expenses $356,548, operating 
surplus $309,837. Disposition of lat- 


ter: interest $157, sinking fund and 
installments $3,098, constr. out of rev- 


enue $251,157, surplus $55,425.—R. EF. 
lhompson. 


New Orleans (La.) Sewage and 
Water Board. Semiannual Report 
(Dec. 31, 1950). Purif. plant capac. 
increased to 112 mgd in ’32, operated 
at rates in excess of 150 mgd. Plans 
and studies for extension to 200 mgd. 
Power plant extensions also in prog- 
ress. Operation and maintenance costs 
increased 5% during ’50. Two plants, 
Carrollton serving New Orleans, and 
Algiers. Avg. high-lift pumpage, New 
Orleans, 84.39 mgd (max. hourly rate 
122), 68% by elec. centrifugals, bal- 
ance by vertical triple expansion en- 
gines. Cost of high-lift pumping 
$5.38 per mil gal. At Carrollton plant, 
97.2 mgd Mississippi R. treated (max. 
lay 129.6) : all suspended matter (106,- 
577 tons) removed by coagulation and 
filtration and 44.6% of hardness by 
lime treatment. Purif. process includes 
lime treatment followed by primary 
sedimentation (98.2% of turbidity re- 
moved), flocculation with FeSO,, or 
equal parts of FeSO, and alum, fol- 
lowed by sedimentation, disinfection 
with chloramine, ammonium sulfate, 
and 95% of Cl added prior to filtra- 
tion and 5% after. Cl residual at 
plant 0.5 ppm and throughout distr. 
system 0.46. Wash water avgd. 1.09% 
of water filtered, and its cost, at $13.19 
per milgal, was 15¢ per milgal of 
water filtered. Cost of water used for 
washing basins 10¢ per mil gal treated, 
total cost 71¢ (539,000 cu yd wet mud 
cost per mil gal 


removed). Gross 


(Continued on page 48) 
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ALW.W.A. CONVENTION 


OMEGA PROPORTIONING 
WEIR TANK. Proportions flow 


of solutions and suspensions to 
two points of application. 


OMEGA 51-F VOLUMETRIC 
FLUORIDIZER. Feeds fluoride 
compounds at low rates with 


Adaptable for automatic con- 

trol in pH systems. Bulletin high accuracy — large hopper 

80-313. capacity, low filling height, 
dustiess loading. Bulletin 
50-H14. 


OMEGA 50-8 BELT GRAVI- 
METRIC (weighing) FEEDER. 
Compact, accurate — feeds dry 
materials over extremely wide 
range of flow rates. Bulletin 
35-H5. 


Big news in the water works world is the Omega Equipment displayed 
at the Kansas City Convention. If you missed this show, don’t miss out 
on Omega Equipment. We'll be glad to send you complete informa- 
tion and descriptive Bulletins. Write Omega Machine Co. (Division 
of Builders lron Foundry) 365 Harris Ave., Providence 1, Rhode Island. 


RA E Gs 
The Last Word in Feeders 
Volumetric and ‘avimetric feeders for 


| 


q 
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treated and pumped $18.02, of which 
purif. cost $9.56. At Algiers plant, 
operation paralleled that at Carrollton, 
avg. treated 3.88 mgd and cost of purif. 
$29.13 per milgal. At Carrollton, 
turbidity reduced from 667 ppm. (max. 
1570) to 0.35 (max. 4), hardness from 
121 (max. 182) to 67 (max. 82), 
37 C agar count from 71,335 (max. 
2,000,000) to 3 (max. 103). Chem. 
dosages, avg. and max., resp.: lime 
63.2 and 84.2 ppm, FeSO, 6.2 and 10.8 
ppm, Cl. 9.46 and 10.66 lb per mil gal, 
ammonium sulfate 10.96 and 13.13 Ib 
per mil gal. Settled water turbidity, 
avg. 12, max. 30 ppm, avg. filter run 
160, max. 380 hr, avg. rate of filtra- 
tion 108 mgd. Avg. and max. chem. 
dosages, resp., at Algiers: lime 63.2 
and 77.0 ppm, FeSO, 96 and 15.3 ppm, 
Cl 285.9 and 330.4 ppm, ammonium 
sulfate 337.3 and 354.4 ppm. Avg. 


turbidity of settled water 7 ppm, max. 
9, avg. filter run 212 hr, max. 260, 
wash water 1.0%, avg. rate of filtra- 
tion 98 mgd. Avg. pH of river water 
8.1, of treated water 10.1. Monthly 
avg. water temp. at Carrollton 46 to 
84 F, during 36-yr period max. 91.4 F, 
avg. 66.3 F. Max. chlorides at Carroll- 
ton 45 ppm, Algiers 56. Mains 950 
mi, valves 8237, hydrants 9081, serv- 
ices 106,522, meters 104,496. Rainfall 
40.65”, 57-yr avg. 57.15”. Constr. and 
extensions fund (derived from taxes) : 
income $3,192,063, disbursements $4,- 
001,060. Water works-sewerage, oper- 
ating, and maintenance fund: income 
$3,345,526, of which $2,823,101 from 
sale of water, disbursements $3,380,- 
400, of which $1,740,716 for water- 
works operation and maintenance. 
Free water 3806 milgal. Of water 
pumped, 54.7% sold, free water from 


(Continued on page 50) 


DUPLEX H. & T. UN-A-BED DEMINERALIZING PLANT 


Producing Super Quality Deionized Water. 


Details on request 


HUNGERFORD & TERRY, ING. 


: CLAYTON 5, NEW JERSEY 
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Burlington, N. J. Lynn, Mass. 


Here are four typical De Laval centrifugal pump installations 
that will keep giving efficient, continuous service for years 
to come. In fact, since the turn of the century De Laval water 
works pumps have been serving both big cities and small 
towns throughout the nation. These pumps are available in 
capacities ranging from less than one mgd to more than 
100 


Look to De Laval for dependability 


DE LAVAL STEAM TURBINE CO. 
TRENTON 2, NEW JERSEY 


| NO TIME OFF..- 
nts 
public serva 
for these 
Topsfield, Mass. Miami Beach, Fla. i 
: 
DL 128A 
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60% to 80% 


CLEANING 
COSTS. 


ACE 


SYSTEM 


PROVES 


100% 


EFFECTIVE 


ys WRITE FOR FREE LITERATURE 


CONTRACTORS, INC. 
Sewer & Water Pipe Specialists 
PHONE CHestnut 2891 

Office 


Home 
2003 Indiana, Kansas City, Mo. 


Qitices in Principal Cities 


(Continued from page 48) 


city departments and charitable insti- 
tutions 5.6%, free water for sewerage 
4.1%, allowance for leakage 0.6%, un- 


| metered free use (fire fighting, street 
| and sewer flushing, underregistration, 


| 


leakage, etc.) 35%.—R. E, Thompson. 


STREAM POLLUTION 
CONTROL 


_ Ohio River Drainage Basin. Fep- 


ERAL Security AGENCY. Water Pol- 
lution Series No. 12, 1951. The Ohio 
R. Basin has a total drainage area of 
approx. 163,000 sq mi exclusive of the 


| Tennessee R. Basin and drains part of 
| N.Y... Pa, W.¥a,. Va, 
| Ohio, Ky., Ind., Ill. and Tenn. Al- 
| though the Tennessee R. drains into 


the Ohio R., the Tennessee Basin is 
considered separately and is not in- 


| cluded in this report. 


The major portion of the area cov- 
ered by this report is included in the 
district covered by the Ohio River 
Water Sanitation Compact formed by 
eight of the states in the basin. This 
report includes the portions of N.C., 
Md., and Tenn. which drain into the 
Ohio R. drainage system (exclusive 


| of the Tennessee R. drainage system ) 


but which do not form part of the 
sanitation compact district. The por- 


| tions of Va. and Ky. which drain to 
| the Tennessee R. Basin are included in 


the sanitation compact district but are 
excluded from this report. In view 
of the association between the sani- 
tation compact and the U.S. Public 
Health Service in matters related to 


poln. abatement in the basin, the above 
| comparison of areas serves to avoid 


misinterpretation in correlating data 
pertinent to the sanitation compact 
district with the basin data. 

The upper portion of the basin is 


| hilly to mountainous, the southwestern 
| part has rolling hills and wide valleys, 
_and the northwestern portion is level 


or gently rolling. 
The location of the basin and its 
natural resources have combined to 


(Continued on page 52) 
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EXPERIENCE 


has joined more than a million miles 
of cast-iron water mains in the past 
4O years with complete satisfaction 


—Used with FIBREX, the bacteria- 


free joint packing, it makes an un- 


beatable combination. All around 
the world NOTHING takes the 
place of HYDRO-TITE. Free 


working samples on request. 


HYDRAULIC DEVELOPMENT CORPORATION ; 


Main Seles Offee 50 Church Street, New York » General Offers and Works WW. Medferd Station, Boston, Mass 


P&R 51 
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make the area one of the most impor- 
tant agricultural and industrial sec- 
tions of the nation. The values of 
the annual agricultural and industrial 
products are approx. 9 and 15%, re- 
spectively, of the total annual value 
of these products in the nation. Prac- 
tically all types of industry exist in 
the basin. The 1940 pop. of the basin 
was approx. 16,324,000, and prelimi- 
nary 1950 census figures indicate 
approx. 17,738,000. 

Water uses in the basin include 
public and industrial water supplies, 
navigation, power development, fish 
and wildlife propagation, recreational 
purposes, irrig., and final waste dis- 
posal. In some areas ground water 
is available for small to moderately 
large demands. The demands for 
municipal and industrial supplies are 
increasing and availability of water 
for these uses is vital for the con- 
tinued growth of this basin. In other 
areas use of surface waters is required. 
Surface waters are used for large mu- 
nicipal and industrial supplies through- 
out the basin. Navigation develop- 
ments provide one of the largest and 
busiest systems in the world. Favor- 
able locations exist for large scale 
development of hydroelectric power. 
Water uses for recreation have always 
been important in the basin and are 
becoming more important. Agricul- 
tural developments require a wide- 


spread supply for livestock water sup- 
plies, and irrig. requirements may be- 
come increasingly important. - The 
streams of the basin will continue to 


‘ receive the final effluent from munici- 


palities and industries. Conflicts be- 
tween water uses are increasing as 
pop. and industrial developments in- 
crease. One of the most important 
conflicts is that between the use of 
the streams for waste disposal and 
other uses. 

Polluting wastes are discharged 
from 2,104 centers of pop. and from 
1,264 industries through sewers not 
connected to municipal systems. Of 
the 2,104 municipal sources of poln., 
512 had 1940 pop. exceeding 2,500; 
557 had pop. from 1,001 to 2,500; 545 
had pop. from 501 to 1,000; and 490 
had pop. of 500 or less. A large num- 
ber of the listed industries have rela- 
tively small poln. loads. Many small 
canneries are included in the list and, 
in numerous instances, poln. effects are 
minimized by lagooning wastes during 
critical periods and discharging them 
during high-flow low-temperature con- 
ditions. The total organic waste load 
discharged to the streams from 1,204 
municipal sources of poln. is estd. at 
approx. 8,760,000 equiv. pop. and the 
organic waste load from 383 industria! 
sources is estd. at 4,525,000 equiv. 
pop. The waste load discharged from 
900 municipalities and the organic 
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Loose-Leaf BINDERS 
for A.W.W.A. Standards 
Price $2.50 


AMERICAN 
WATER WORKS 
ASSOCIATION 


521 Fifth Ave. New York 17, N.Y. 


Sturdily bound in blue canvas 
with lettered backbone, the 
binder has durable metal hinges, 
capacious 1%-in. rings and 
eight blank separator cards with 
projecting tabs. All A.W.W.A. 
specifications are being provided 
with marginal holes drilled to 
fit the binder. 
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Thomas A. 
McEinstein admits his 
METER SHORT-FORM ic a Fiop! 


No matter how cute a formula an 
inventive genius may develop to 
correct meter readings to what they 
would have been if the meter had 
been set in the position specified, 
he eventually comes to the con- 
clusion that it doesn’t pay to install 
a water meter sideways in a vertical 
water line. He should have used a 
Ford Copperhorn in the first place 
and kept his meter on the level . 

and it doesn’t take a cost account- 


ant or a time-study specialist to hs a cinch with 
prove it. Write today for full a Copperhorn/ 
information. PP 


THE FORD METER BOX COMPANY, INC. 


FOR BETTER WATER SERVICES 
Wabash, Indiana 
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waste load from 326 industrial sources 
have not been detd. Inorganic waste, 
not measured by pop. equiv., is dis- 
charged from 635 industrial plants, 
128 of which also discharge organic 
wastes. The type of waste from 48 
industrial plants has not been detd. 
The reported total organic waste load 
discharged to the streams is estd. at 
only approx. 70% of the total load 
actually discharged. Inorganic wastes 
irom the above industries include acid 
from steel plants, toxic metal wastes, 
phenols, and other taste and odor pro- 
ducing substances from coke and chem- 
ical plants, brines, sulfates, color pro- 
ducing substances, and silt from coal 
washing operations. 

Acid mine drainage is the greatest 
single poln. problem in the basin and 
constitutes the greatest unknown with 


means for control and abatement. 
The sources of mine drainage have 
not been listed in the report. Both 
active and abandoned coal mines con- 
tribute poln. to the streams and the 
number of sources, particularly aban- 
doned mines, are numerous. More- 
over, the number is increasing and 
the potential magnitude of the problem 
can be visualized from the fact that 
about 75% of the nation’s coal is sup- 
plied from the basin, only about 7% 
of the coal reserves have been touched, 
and approx. 55% of the acid load 
comes from abandoned mines. 
Damages from stream poln. occur 
to all water uses in the basin. These 
damages may be the result of bacterial 
pollution, deoxygenation, toxicity, acid 
conditions, chloride content, or the 
presence of color-, odor-, or taste-pro- 


" respect to satisfactory and economical ducing substances. Stream poln. in 
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WATER REFINING EQUIPMENT 


WRITE FOR FREE 
BULLETINS ON HOW REFINITE 
CAN SERVE YOU. ADDRESS: 
DEPARTMENT J-A 
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FLEXIBLE 
BOLTED CONNECTION 


M & H Mechanical Joint ends on gate 
valves are identical with mechanical joint 
standards adopted by the Cast Iron Pipe 
Research Association. It uses the stuffing 
box principle, by which a thick gasket is 
compressed into a stuffing box by a bolted 
gland or follower ring. It is a flexible, bottle 
tight joint, easy to make, and economical. 
Mechanical joint making in the field does 
not require a skilled workman. Mechanical 
joint permits deflection in any direction, 
also longitudinalexpansion and contraction. 

For complete information, write or wire 
M & H Valve and Fittings Company, 
Anniston, Alabama. 


Pe FOR WATER WORKS © FILTER PLANTS 
INDUSTRY © SEWAGE DISPOSAL AND 


PROTECTION 
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can and does save 


Willions of Tax 


The answer, of course, is (1) cast iron pipe serves 


for centuries, and (2) over 95% of the pipe in service in America’s 
water distribution systems is cast iron pipe. But let’s get down 
to figures. 


The cumulative cost of our water supply systems, from 1817 
to 1951, is estimated at $6-billion, of which more than $3.5-billion 
is for cast iron pipe, including installation costs. The balance is 
for pumping stations, filter plants, storage facilities, ete. 


Most of this money was raised by the issuance of bonds. Now, 
the useful life of cast iron pipe is at least 4 to 5 times the average 
term of a water revenue bond issue. Records prove that more than 
35 American cities have cast iron mains in service that were in- 
stalled over 100 years ago. A survey sponsored by three water- 
works associations shows that 95% of all six-inch and larger cast 


iron pipe ever laid in 25 representative cities is still in service. 


Add it all up and the answer is clear that, by serving for gene- 
rations after bonds issued to 


pay for them have been re- 
tired and forgotten, cast iron 
mains save many millions’ of 
tax dollars. 


One of a number of cast iron 
water mains which have been 
in service in New York City 
for more than a century. 
Over 35 other cities have cen- 
tury-old cast iron mains in 
service. 


CAST IRON PIPE 
Omentea's Nol Tox Saver 


*© 1952. Cast lron Pipe Research Association 
CAST IRON PIPE RESEARCH ASSOCIATION, THOS. F. WOLFE, MANAGING DIRECTOR, 122 SO. MICHIGAN AVE., CHICAGO 3. 
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APPROVED 


by UNDERWRITERS’ LABORATORIES, se. 


GREENBERG 


Independently Valved HYDRANTS 
for non-freezing climates 


Western water works engineers and fire 
chiefs were the first to a — Greenberg 
California-type fire hydrants. Now, after 
exhaustive tests, Underwriters’ Laborator- 
ies, Inc. has confirmed your judgment. 

Greenberg No. 74 and 76 hydrants are 
equipped with independent valves of a 
new type which open quickly and easily, 
allowing full flow with minimum resist- 
ance. They close tightly without water 
hammer. A major improvement over the 
old “cork in bottle” type valve! 


Other innovations such as you 
would expect of the people 
who evolved the California- 


M. GREENBERGS SONS 


\ drants by Greenberg.” May we 
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this river basin results in damages 
which require relocation of water sup- 
plies, necessitate additions to water 
treatment plants, cause additional cost 
of water treatment, create hazards to 
public health from bacterial poln., 
preclude use of waters for water sup- 
plies and recreation purposes, destroy 
or inhibit fish and other desirable 
aquatic life, and cause corrosion dam- 
age to equip. and structures. Many 
of the poln. problems are interstate 
in character and became of such im- 
portance that, in 1948, eight states in 
the basin joined together in a compact 
for a cooperative approach to the 
solution of the problems. The dam- 
ages from poln. are both tangible and 
intangible and no est. of their magni- 
tude in terms of dollars is feasible at 
the present time. Undoubtedly, the 
overall benefits which will result from 
poln. abatement demand that such 
abatement be attained. 

Of the 2104 sources of municipal 
poln., 224 have primary treatment and 
342 have secondary treatment. Ap- 
prox. 38% of the pop. served by sewers 
is connected to these treatment plants 
but at least 159 of the plants are inade- 
quate in capac. Treatment facilities 
of some type have been reported for 
451 of the 1264 industries listed as 
sources of poln. The status of treat- 
ment at 277 locations has not been 
detd. At least 164 of the industrial 
waste treatment plants are inadequate 
in capac. Ninety-eight municipal and 
77 industrial treatment facilities are 
reported to be unsatisfactorily oper- 
ated. 

Thirty-three municipal treatment 
plants were constructed or improved 
between 1946 and 1949. Although the 
progress indicated by the construction 
of these plants in the 4-yr postwar 
period appears inadequate, it must be 
realized that the 2-yr period following 
the war was one of unsettled labor and 
material markets. Many projects are 
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type hydrant 75 years ago are 
\ shown in the free booklet “Hy- 
Lake City * Denver « El Paso * New York * Hartford a 
Washington, D.C. 
4 


For better pipe protection... 


keep BARRETT the picture 


In the planning stage, 


you'll find it pays to call in a Barrett 
technical advisor. Take advantage — 
right from the beginning of your job — 
of Barrett’s long years of experience in 
protecting America’s greatest pipelines. 


During the instaliation, 
as Barrett Technical Service Repre- 
sentative is always available for on- 
the-job consultation. He'll help you 
save time and money. Remember: 
even the finest enamels must be prop- 
erly applied for proper protection. 


Check these advantages of 
BARRETT* WATERWORKS ENAMEL 


¢ Rigid quality control 
¢ Prevents tuberculation and incrusta- 
tion of interior pipe surfaces 
Effectively protects external pipe 
surfaces against corrosion 
¢ High dielectric properties 
¢ Impermeable to moisture, non- 
absorptive, non-porous 
¢ High ductility and flexibility, shows 
high resistance to soil stresses 
¢ Unusual tenacity 
¢ Effective under all kinds of climatic 
conditions and topography 
¢ Service 
Availability 


Write, wire or ‘phone for further information about 
Barrett's pipe-protection products and services. 


THE BARRETT DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, WY. 


In Canada: 
The Barrett Company, Ltd., 5551 St. Hubert St., Montreal, Quebec 


*Reg. U. S. Pat. Of. 
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now in the planning, financing, and 
constr. stages. There were 160 indus- 
trial waste treatment plants constr. in 
this period, a large percentage of which 
were constructed at canneries. 

On the basis of existing data, new 
treatment plants are required for 911 
municipal sources of poln. and 539 
industrial sources. Enlargements of, 
or additions to, existing facilities are 
required for 132 municipalities and 
108 industries. Existing treatment fa- 
cilities for 39 municipalities and 33 
industries should be replaced. Re- 
quirements have not been detd. for 
695 municipal and 353 industrial 
sources of poln. At this time 327 
municipal and 231 industrial sources 
of poln. require no project for poln. 
abatement. Corrective measures have 
been initiated for 495 municipal and 
212 industrial sources. Of the 1777 


municipalities listed as requiring proj- 
ects for poln. abatement or listed as 
sources of poln. for which require- 
ments had not been detd., there are 
408 which had 1940 pops. in excess of 
2500; 451 which had pops. from 1001 
to 2500; 488 which had pops. from 
501 to 1000; and 430 which had pops. 
of 500 or less. 

Continued attention should be given 
to securing good operation of munici- 
pal and industrial waste treatment 
plants. 

Low-fiow regulation, where it is 
feasible, is a valuable supplement to 
waste treatment plants in reducing the 
damaging effects of poln. Flow regu- 
lation in addition to that which has 
been provided is desirable. 

Research is necessary to devise and 
perfect practical and economical meth- 
ods of treatment of industrial wastes 
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SIMPLICITY of American Meters 
PAYS OFF for You! 


Buffalo AMERICAN Meters are simply 

designed, with fewer working parts 

— save money for you through lower 

maintenance and replacement costs. 
Write for details. 


BUFFALO METER 
COMPANY 


2914 Main Street 
Buffalo 14, New York 


Please advise A.W.W.A. promptly of 
any change in your mailing address. 
Leaving a forwarding address at your 
old post office is not enough, because 
er regulations require periodicals to 

returned to the sender if not claimed 
at the original destination. And, to help 
us identify you properly, please include 
your old as well as your new address 
when writing. 


Prompt notification will keep your 
Journals and other communications 
coming to you without annoying delays 
and lapses. 


American Water Works Assn., Inc. 
New York 17, N.Y. 


521 Fifth Ave. 
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IS YOUR WATER-SOFTENING 


SYSTEM SLUGGISH ? 


= 


It is, unless your exchanger 


... Has capacity up to 30,000 grains of hard- 
ness per cubic foot, even at peak flow rates of 
10 gal./sq. ft./min. 


... Thrives on a salt-starvation diet of as 
little as 's pound per 1,000 grains of hard- 
ness removed. 


...Gives years of trouble-free service without 
attrition losses —can be operated safely over 
the entire pH range and at high temperatures 
—is stable to low silica-content water, acid, 
alkali, and oxidizing and reducing agents. 


\MBERLITE IR-120 Resin Exchange meets 
all these efficiency tests. A typical AMBERLITE 
unit has delivered almost 5,000,000 gallons of 
softened water per cubic foot of resin without 
capacity or attrition losses; and it’s still 
in operation. 


Ask your water-treating equipment supplier or your 
consulting engineer about AMBERLITE IR-120 —as 
the exchanger in a new softening installation, or as 
a replacement for siliceous exchanger. Meanwhile, 
write Dept. W-1 for full technical data. 


CHEMICALS FOR INDUSTRY (Sa 


ROHM £ HAAS COMPANY 


THE RESINOUS Division 
Washington Square Philodeiphia 5. Pa 


Representatives in principal foreign countries 


Amperuite is a trademark, Reg. U. S. Pat. Off. and in principal 


foreign countries. 
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which are not susceptible to known 
effective methods of treatment or for 
which present methods are costly. 
Acid mine drainage, an important 
source of poln. in this basin, is an 
example of industrial waste for which 
no satisfactory or economical treat- 
ment method is known, at present. 

Effective state legislation is neces- 
sary to promote poln. abatement. Such 
legislation has been obtained in some 
states recently. Other states are pro- 
posing addnl. legislation and possibly 
some of the states will find it necessary 
to extend or supplement existing laws 
in the future. 

Restrictive and other legislation af- 
fecting the financing of poln. abate- 
ment programs requires consideration 
in some instances. 

Continuation and expansion of in- 
formational programs, designed to in- 
form the public fully of the damages 
accruing from poln. and the benefits 
to be derived from poln. abatement, 
are a necessary part of an effective 
poln. abatement program. 

On the basis of available data, which 
are incomplete at this time, and as- 
suming the average cost index for 
1949, the approx. capital cost of facili- 
ties required for poln. abatement in 
the basin is estd. at $350,000,000 to 
$400,000,000, plus addnl. requirements 
for abatement of poln. resulting from 
inorganic wastes and acid mine drain- 
age. 


Stream Pollution in the Oklahoma 
City Area. G. B. Treat. Southwest 
W.W. Jour., 31:12:17 (’50). In ad- 
dition to problems of poln. usually 
encountered by cities, Oklahoma City 
has one serious problem caused by the 
extensive development of nearby oil 
fields which discharge waste oil and 
brine. There are often large quanti- 
ties of oil in the sewage at the South 
Side treatment plant this is 
skimmed off and burned or disposed 
of in lagoons. The commonest method 


for disposal of the brine from the oil 
fields has been direct discharge to 
streams; this causes considerable poln. 
ot the North Canadian R., the con- 
tent of chloride in one stretch of the 
river varying from 17,500 to 37,400 
ppm. Tests made during the constr. 
of the new South Side sewage-treat- 
ment plant indicated that the alluvial 
deposits, formerly used as an emer- 
gency source of water supply, are com- 
pletely saturated with brine. In addi- 
tion the content of chloride in the 
effluent from the sewage-treatment 
plant renders it unsuitable for use for 
industrial or irrig. purposes. The U.S. 
Public Health Service, investigating 
the condition of the North Canadian 
River, stated that the best method of 
disposal of oil-field wastes is discharge 
into underground strata other than 
those producing fresh water, or stor- 
age in evapn. ponds with controlled 
discharge to streams.—W PA. 


Water Pollution by Industry. A 
Survey of State Legislation and 
Regulations. D. F. Ornmer, M. D. 
Weiss, & R. S. Artes. Mech. Eng., 
73:706 (51). Poln. is defined and 
the public policy of the states relative 
to poln. is summarized. The states 
are showing a more realistic approach 
to poln.-control programs, and indus- 
try is showing a desire to cooperate 
with the states in solving control prob- 
lems. The federal government is tak- 
ing an increasing part in controlling 
poln. by advising local agencies, and 
the poln.-control program is proceed- 
ing on a more uniform and purpose- 
ful basis than during previous dec- 
ades.—C A. 


Consumption of Oxygen by Stable 
Organic Substances in Natural Wa- 
ters. B. A. Spopintsev. Gidrokhim. 
Materialy (Russian), 16:61 (’49). 
Oxidation curve of river waters dur- 
ing long-term (180 days) storage in 
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T=LOSS OF FIRE PROTECTION. 


2=—EXCAVATION AND PAVEMENT 
REPLACEMENT. 


3= COSTLY REPAIRS INVOLVING 
MAJOR HYDRANT COMPONENTS. 


FLOODING. 


The Smith Protectop Hydrant is designed to permit rapid return to 
service at minimum cost when o Hydront 1s domaged os a result of 
traffic accident 


The Protectop Hydrant Standpipe and Valve Stem are equipped 
with Special Couplings located just above the ground The Coup. 
lings withstand operating pressures and ordinary impact with an 
ample factor of safety Under excessive impact occasioned by 
traffic accidents the Couplings fracture at the design points thus 
g the d ge and permitting speedy return to service 
ot low cost 
All Smith Hydronts ore equipped with Compression Type Valves 
which definitely eliminate flooding since the line pressure holds 
the Valve against its seat in the closed position 


Write for details 


j. THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY © 
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AWWA 


Membership 
Certificate 


Designed to fit any 
standard 8- by 10-inch 
frame, this new version 
of the Association mem- 
bership certificate will 
make a handsome addi- 
tion to your office. 


The document is 
tastefully printed on 
white rag paper, with 
the member’s name 
hand-lettered. 


When ordering your 
certificate, please be 
: sure to print your name 
exactly as you wish it to 
appear, andenclose your 
check for $1.00 to cover 
the cost of lettering and 
production. 


AMERICAN WATER WORKS 
ASSOCIATION 


521 Fifth Ave., New York 17, N.Y. 
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small tubes at 16-20 C has a logarith- 


| mic shape; it can be expressed by a 


reaction equation of the Ist order. 
With time, oxidation becomes very 


| small and almost const., as shown by 
_ nearly straight section of the curve. 

Caled. Kp was 0.01-0.06. Initial con- 
| sumption corresponds chiefly to oxida- 


tion of unstable org. compds.; very 
small and practically const. consump- 
tion observed after 40-50 days corre- 
sponds to oxidation of stable org. 
compds. Available data for short- 
term storage of sea water indicate 
curves analogous to those for river 
waters. Calcd. Kp» was less than 0.10. 
Results obtained in 5—10-day tests can 
be used only for relative evaluations, 


| particularly of content of unstable org. 


substances. For calen. of O. used in 
oxidation of stable org. compds., stor- 
age of over 1-1.5 months is necessary. 
Further expts. are necessary to con- 


| firm this. Twenty-three references.— 


CA. 


GROUND WATER 


Ground Water Supply for New 


Britain, Connecticut. Grorce W. 
Woops. J.N.E.W.W.A., 65:143 (’51). 
The original supply was surface water. 
Efforts to get a satisfactory ground- 
water supply are described. No trou- 
ble has been experienced with the 
water’s quality. A table shows water 
characteristics from two points——CA. 


Economic Aspects of Ground Water 
in Florida. \V. T. STRINGFIELD & H. 
H. Cooper Jr. Trans. Am. Inst. Min- 
ing Met. Engrs., Tech. Pub. No. 
3083-H (in Mining Eng., 3:525(’51) ). 
Ground water is one of the most valu- 
able of Florida’s minerals. There are 
about 327 public water supplies in Flor- 
ida that serve 100 or more people, and 
of these about 325 obtain their water 
entirely from wells. 46 references.— 


CA. 
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does “‘pioneering” stop ? 


Well... we can tell you that with us it never stops. 
Even after developing low-cost tonnage ozone, Welsbach 


conclusive evidence that it is fast becoming the preferred oxidant. In 
chemical processing, in industrial waste treatment, in water purifi- 
cation —in fact, wherever an oxidant is required — Welsbach Ozone 
should be considered. And Welsbach engineering know-how 
is at your service... when and if you want it. 
if oxidation is a step in your process, investigete Welsbach Ozone. It 
is @ truly low-cost, efficient oxidant . . . with these plus features: 
Neo storage problem; no procurement 

problem; no materials handling. 
No full-time supervision or labor required. 
Generated at point of use with equipment 

requiring little spoce. 

And constant, predictable operating cost. 


INCREASE YOUR PROFIT WHEEL SBACH 


by lowering costs with 
economical, dependable 


Write for information to 


THE WELSBACH CORPORATION 


2409 West Westmoreland St., Phila. 29, Pa. 


hed 
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= 
continues to “pioneer” in ozone research ... extending Weisbach 
know-how to help potential users find the effective application mes: 
of ozone to their particular problems. f 
; The numerous commercial applications of Welsbach Ozone are } 
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Geology and Ground Water Re- burgh Area. VD. W. Van Toyt. 
sources of the Honolulu-Pearl Har- Proc. Penna. Acad. Sci., 24:155 (’50). 
bor Area, Oahu, Hawaii. Cuester Discussion includes the avg. compn. of 
K. Wentwortu. Board of Water the well water, and a tabulation of the 
Supply, City and County of Honolulu, industrial use of the ground water in 
Honolulu, Hawaii, 1951. Surveys of | the region.—CA. 
the geography, geology, drillholes and 
excavations, ground water hydrology, Ground Water Resources of the 
and the recommended constr. and re-  Paintrock Irrigation Project, Wy- 
search projects for this area are given. oming. FRANK A. SWweENsoNn, W. 
KENNETH Bacu, & HERBERT A. SWEN- 
Ground Water Resources of the Ar- son. U.S. Geol. Survey Circ., No. 
kansas River Flood Plain Near Fort 96:1 (’51). Analyses of 10 waters 
Gibson, Muskogee County, Okla- are given. They range from soft to 
homa. Stuart L. ScHorF & EDWIN _ very hard waters. Two contained 2.8 
W. Reep. Okla. Geol. Survey Cire., and 3.2 ppm F.—CA. 
No. 28:1 (’51). Analyses of 28 sam- 
ples are given. Most are moderately Conservation and Protection of Un- 
hard Ca(HCO,). waters.—CA. derground Water. Technical and 
Legal Aspects. International Water 
Ground Water Resources of the Supply Assoc. Congress, Amsterdam, 
Valley-Fill Deposits in the Pitts- 1949, Report V: 573, and Proceedings, 
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LIMITORQUE 


VALVE CONTROLS 


From coast to coast, hundreds of LimiTorque Controls 
are in service in water works and sewage disposal plants 
for automatic or remote operation of valves up to 120 
inch diameter. Why is acceptance so widespread? Be- 
cause LimiTorque Operators are designed to provide de- 
pendable, safe and sure valve actuation at all times. 


LimiTorque is self-contained and is applicable to all 
makes of valves. Any available power source may be 
used to actuate the operator: Electricity, water, air, oil, 
gas, etc. 

A feature of LimiTorque is the torque limit switch which 
controls the closing thrust on the valve stem and pre- 
vents damage to valve operating parts. 


Write for new Catalog, and please use your Business Letterhead when writing 
PHILADELPHIA GEAR WORKS, Inc. 
ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 


New York Pittsburgh Chicago Houston Lynchburg, Va. 
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NORTH COWDEN GASOLINE PLANT near Odessa, Texas, operated by Stanolind 
Oil and Gas Company. Here Worthington Water Softeners protect boilers 
from scale-forming deposits. 


Worthington softeners protect 
this plant’s boilers 10 ways 


In this case, it’s a hot-process softener to remove 7. Uniform and efficient deaeration during wide 
scale-forming deposits from boiler feedwater. load swings. 
Let’s examine this gasoline plant installation and 8. Filter backwashing with clean, hot, chemi- 
see how it gives boilers ““maximum” protection: cally inert water without velocity change 
1. Feed water is softened by a hot-lime soda through the softening zone. 
system. 9. Proportionate sludge removal. 
2. Selective deaeration for operation on make- 10. Uniformly proportionate chemical feed. 
up only, condensate only, or both. i 


3. Non-scaling direct-contact vent condenser Before you buy, investigate Worthington Water 


heats and vents treated make-up. Softening Systems thoroughly. Tell we the eervice 
a ' conditions, and get our recommendations in terms 
4. Tubular vent « vents ¢ of dollars and benefits. Write Worthington 
. Oxygen contamination of feedwater avoided Corporation, formerly Worthington Pump and 
by last-step deaeration. Machinery Corporation, Water Treating Section, 

. Stainless steel deaerating elements. Harrison, New Jersey. 


Worthington Makes More of the Equipment for ALL Types of Water Conditioning Systems Water Condition 
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165. In introducing the report on the 
conservation and protection of ground 
water, R. Brunotte discusses technical 
and legal measures for the prevention 
of poln. and describes experiences in 
artificial replenishment of aquifers. 
The report is based on information re- 
ceived from Canada, France, Great 
Britain, the Netherlands, Sweden, Aus- 
tralia, Italy, and New Zealand. Ex- 
tracts of the reports submitted by the 
various countries are given in appen- 
dices —WPA. 


Hydrochemical Facies of Ground 
Water Types and Their Distribu- 
tion. G. A. Maksimovicn. Dok- 
lady Akad. Nauk S.S.E.R. (Russian), 
56:625 (’47). Hydrochem. facies is 
defined as that part of a ground water 
basin or stream having the same hy- 
drochem. characteristics. The follow- 
ing classification is given for the zonal 
distribution of the ground waters over 
the earth: zone 1 of the tropics and 
subtropics with predominantly SiO./ 
HCO, facies, zones 2 and 3 of the 
desert belt with predominantly Cl fa- 
cies, zones 4 and 5 of the steppes with 
predominantly SO,, Na, and HCO,-Na 
facies, temperate zones 6 and 7 with 
predominantly HCO,-Ca facies, and 
tundra zones 8 and 9 with predomi- 
nantly SiO. and HCO,-SiO. facies. 
Studies in the region of Molotovsk 
showed that as the ground water flowed 
downward the HCO,-Ca facies was 
gradually changed into the SO.-Ca-Cl 
facies and still farther down into the 


Cl-Ca-SO, facies —CA. 


Hygienic Evaluation of Means 
of Supplementing and Protecting 
Larger Ground Water Supplies. 
MAXIMILIAN Knorr. Gas-u. Wasser- 
fach (Ger.), 92: 10: 104, 12: 151 (’51). 
Infiltration schemes by using basins 
with a filter-type bottom are preferred 
over bank infiltration as a means of 
supplementing ground-water supplies. 


Under suitable conditions, water hav- 
ing a taste or odor becomes entirely 
satisfactory after a period of 80 days 
or so after infiltration. Numerous case 
histories are given relative to protec- 
tive areas around water works and the 
flow of polg. materials. This flow is 
often very difficult to detect by chem., 
bacteriol., or dye test (fluorescein or 
uranin) as the flow may be through a 
limited area and normally at low rate, 
but greatly increased in time of flood 
or heavy withdrawal of water. Each 
case must be studied individually. Fre- 
quently it is not possible to keep the 
protective zone in woods, etc.; in such 
cases sports areas, parks, etc., may be 
used, with proper sanitary precautions. 


—CA. 


Tracing the Underground Flow of 
Water. Ricnarp L. Doan & Epwin 
Fast. U.S. Patent 2,553,900 (May 22, 
51). Strong solns. of borax, or other 
water-sol. boron compds., are added to 
underground flows. The boron is de- 
tected by emission spectrography, by 
using the lines at 2495 to 2499 A. The 
process is used to follow water flood- 
ing of oil fields, or to trace possible con- 
taminants—CA. 


HEALTH AND HYGIENE 


Survey of Literature Relating to In- 
fant Methemoglobinemia Due to 
Nitrate-contaminated Water. G. 
Watton. Am. J. Pub. Health, 41:8: 
986 (’51).—This is an excellent sur- 
vey of the literature relating to infant 
methemoglobinemia resulting from ni- 
trate in water. The history of the 
subject is first considered. The forma- 
tion of methemoglobin in animals fed 
with nitrates, the conversion of ni- 
trates to nitrite in the bowel under 
certain conditions, and the occurrence 
of methemoglobinemia in _ patients 
deliberately dosed with nitrates were 


(Continued on page 70) 
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THE NEW WALLACE TIERNAN 


FLUORIDATOR | 


design features 

2 Either Volumetric or Loss-of-Weight Control 

Loss-of-Weight Recording (optional) 

Special Two-directional Feed Screw 
Modern Streamlined Appearance 


Special requirements of Fluoridation — primarily, extreme accuracy 
and dependability — were considered foremost in the design of W&T’s 
new Series A-635 Fluoridator. A selection of models and a wide feed range 
make this feeder suitable for the application of sodium fluoride or sodium 
silicofluoride in most communities. 


The basic feeder is volumetric with manual control, featuring the 
new two-directional feed screw for increased accuracy. Built-in scales can 
be supplied for periodic checking of the weight of chemical in the hopper. 


The gravimetric, loss-of-weight, model is controlled from a unique 
scale beam housed in a dust-tight compartment. Registers indicate the 
race of feed and the weight of chemical in the hopper at all times. Loss- 
of-weight recording is available 
with the gravimetric feeder to pro- 
vide a permanent record of 


F WALLACE & TIERNAN 


HLOMINE AND CHEMICAL NT#OL EQUIPMENT 
CITIES 


May 1952 
> Wide Feed Range | a 


70 PER CONDENSATION Vol. 44, No.5 


The Quest for 
Pure Water 


in 1450 B. C. 


(as pictured on the wall of the tomb 
of Amenophis II at Thebes) 


Not so much what hap- 
pened in the 550 years before 
this, but what has followed 
to bring water works practice 
to its present state of devel- 
opment is the story told in 
authoritative detail by M. N. 
Baker in his history of water 
purification from the earliest 
records to the 1940's. 


466 Text Pages 
73 Illustrations 
900 References 


List price 

Special price to mem- 
bers who send cash 
with order 


Onder from 
American Water 
Works Association 


521 Fifth Avenue New York 17, N. Y. 


(Continued from page 68) 


| observations made before clinical evi- 
| dence was obtained that the condition 


in infants followed the ingestion of 


| water with a high content of nitrate. 


Literature on the medical aspects is 
surveyed, including the causes, suscep- 
tibility, physiological effects, diagnosis, 


_ treatment, and prevention. Preventive 
| measures consist in the provision of 


better water supplies after chemical 


| survey of the existing sources in re- 


spect of their nitrate content, and in 


| the education of the medical profession 
and the laity on the danger of using 


nitrate-containing water for making 
up artificial feeds for infants in their 
first few months of life. Recent opin- 
ion is that the nitrate content of water 
should be not higher than 10 or possi- 


| bly 20 ppm. The APHA Committee, 


to noted over 278 cases with 


39 deaths in America but point out 
| that there are probably many more 


cases since the condition has not yet 


| been made notifiable.—BH. 


Well Water and Blue Babies. C. R. 
Cox. Ann. Rept. N.Y. State Assoc. 
Milk Sanitarians, 24:95 ('50). There 
may be a relationship between the 
nitrate content of the water and predis- 
position of babies to methemoglobine- 
mia. Public-health workers and pedia- 
tricians should accordingly view with 
suspicion water having 20 ppm of ni- 
trate. Some well waters are encoun- 
tered having nitrate contents of 50 to 
97.4 ppm.—CA. 


Nitrate in the Ground Water of 
Texas. WittiaAM O. GEORGE & WAR- 
REN W. Hastincs. Trans. Am. 
Geophys. Union, 32:450 (’51). About 
3000 of the 20,000 nitrate detns. made 
of water from wells in Texas showed 
more than 20 ppm of nitrate. The 
public water supplies of 27 Texas 
towns and cities contained more than 
50 ppm of nitrate. Recent medical re- 
search indicates that methemoglobine- 
mia or infant cyanosis may be caused 


(Continued on page 72) 
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Two Eimco Filters in Sewage Plant, Waterbury, Conn. Plont con- 


struct 


on directed by H. C. Whitlock, supervised by W. N. Kunsch 


NEW SEWAGE PLANT DEWATERS SLUDGE 


—and Everdur is chosen for the 
Eimco Vacuum Filters that do the job 


MALCOLM PIRNIE, Consulting engineer 
of New York, designed the sewage 
plant for Waterbury, Conn. to treat 
domestic sewage mixed with indus- 
trial waste. Vacuum filtration and 
incineration were advised. 

Eimco Corp. supplied two con- 
tinuous rotary filters with swing agi- 
tators. Everdur* was chosen to resist 
the corrosive sludge effluent. All 
woven wire screens (5 x 5 mesh x 
063" gage), division strips, bolts, 


*Reg. U. 5. Pat. Off. 


COPPER SILICON ALLOYS 


nails and screws are Everdur. 
Strength, corrosion resistance, 
good working and welding proper- 
ties recommend Everdur as a dur- 
able alloy. In handling industrial 
wastes, corrosion problems are com- 
plicated. For the proper Everdur 
Alloy for your application write our 
Technical Department. The Ameri- 
can Brass Co., Waterbury 20, Conn 
In Canada: Anaconda American 
Brass Ltd., New Toronto, Ont. 
Strong 
Weldable 
Workable 
Corrosion-Resistant 
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(Continued from page 70) 


by nitrate in the water used in formula 
mixts. Most of the high nitrate in 
ground water is found in wells less 
than 200 ft deep and mainly in water 
from late Tertiary and Quarternary 
formations ; however, high nitrate was 
found in water from all kinds of rocks 
of all ages and appears to be unrelated 
to rainfall, geography, or cultivation. 
—CA. 


Transmission of Disease by Water. 
C. R. Trask. Munic. Util. (Water & 
Sanit. ), 88:11:25, 39 (’50). The role 
which pold. water supplies play in 
transmitting disease, especially ty- 
phoid, cholera, and dysentery, is out- 
lined. Examples are given of out- 
breaks of these diseases traced to 
infected water supplies and the causes 
of poln. are analysed. Other diseases 
which may be waterborne are dis- 
cussed, including gastro-intestinal in- 
fections and poliomyelitis. It is 
stressed that rigid and constant control 
is necessary over the treatment of 
public and private water supplies and 
over the disposal of sewage —WPA. 


Diseases of Man Spread by Water. 
H. Mooser. Monatsbull. Schweiz. 
Ver. Gas-u. Wasserfach. (Ger.), 31: 
142 (’51). The author surveys the 
various types of diseases which may 
be spread by water, and describes some 
of the classical epidemics from which 


(Continued 


the relations between water and dis- 
ease were discovered—WPA. 


The Necessity for Adequate Separa- 
tion of a Process Water Supply from 
the Main Water Supply in Factories 
Using Separate Supplies Illustrated 
by a Report on Cases of Poisoning 
Caused by Waste Waters Contain- 
ing Carbide Entering the Main Dis- 
tribution System. J WisTENBERG. 
Arch. Hyg. Berl. (Ger.), 132:227 
(50). Owing to cross-connections 
between drinking water and untreated 


_water mains, river water containing 


carbide sludge entered the distr. sys- 
tem for the main supply and caused 
poisoning, in some cases fatal, in in- 
fants and young children —IVPA. 


DISINFECTION 


Use of the Bactericidal Action of 
Ultraviolet Radiation for the Sterili- 
zation of Drinking Water. \V. F. 
SoxoLov. Izvest. Akad. Nauk S.S. 
S.R., Otdel Tekh. Nauk (Russian), 
1951:360. Sample calcns. are pre- 
sented for designing a pilot purifica- 
tion plant. Low-pressure A-Hg lamps 
are the most efficient available, but 
still require 10-30 watt-hr to reduce 
the bacterial count of 1 cum of water 
to 1000/1. A 150 cu m/hr plant was 
operated successfully with both im- 
mersed and external lamps.—CA. 


on page 74) 


Machine blended for 
perfect jointing performance 


NORTHROP & COMPANY, INC. 


SPRING VALLEY NEW YORK 
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PRECISION PRODUCTION 


MEANS PRECISION PERFORMANCE 


The precision performance of 
Badger Meters is worth money to 
your waterworks department. 
These meters stop losses of water 
revenue. You collect in full for 
all water used. Over 5000 com- 
munities are making more money, 
and saving more with Badgers be- 
cause unfailing accuracy of all 


parts means less wear, lower main- 
tenance costs, fewer service trips, 
longer meter life. Precision is the 
foundation on which many exclu- 
sive Badger mechanical advan- 
tages have been built . . . and the 
outstanding reason why it pays 
to buy Badgers! 


For complete, dependable meter service, ii pays to buy Badger 


“MEASURING THE 
WATER OF THE WORLD” 


BADGER METERS 


BADGER METER MFG. CO., Milwaukee 10, Wis. 


First for Accuracy + 
Low-Cost Maintenance « 


Branch Offices: New York City * Philadelptva 
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Worcester, Mass. * Sovannah, Ga. * Cincinnati * Chicago * Konsas City * Woce, Tenos 
Solt Loke City, Utah * Guthrie, Okla. * Seattle, Wash. + Los Angeles 


Durability + Sensitivi 
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$1,000,000 


worth of research available in 
convenient, usable form at less 
than the cost of printing, which 
was largely absorbed by the 


JOURNAL. 


SURVIVAL 
AND 
RETIREMENT 


Experience With Water 
Works Facilities 


Containing vital information 
on the actual life of mains, 
valves, meters, services and 
other facilities in 26 cities, to- 
gether with 56 pages of sum- 
mary tables that condense the 


data for easier interpretation. 


Presents the facts of life (and 
death) of the facilities of water 
supplies serving almost 10 per 
cent of all U. S. consumers plus 
400,000 Canadians. 

576 pages 


$3.00 
Special price to mem- 
bers who send cash 


with order ...... $2.40 
American Water Works Association 
521 Fifth Avenue New York 17, N.Y. 
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Disinfection of Drinking Water on 
Ships by Hypochlorite or Chlora- 
mine. H. B. G. Breryer. Ingenieur 
(Neth.),63:G55 (’51). Drinking wa- 
ter was chlorinated (1.25-1.4 ppm) 
with either ‘“Staboclor” (1.C.I.) or 
“Pittchlor” (Pittsburgh Plate Glass 
Co.) and filtered through active C; 
or, NH.Cl was produced in the water 
(2.5 ppm) by addn. of NH.CI (2.5 
ppm) and “Pittchlor” (5 ppm). The 
second method gives a more nearly 
sterile water, with better taste, and is 
technically more simple.—CA. 


Comparison of the Bactericidal Ac- 
tion of Chlorine and Ozone and 
Their Use for the Disinfection of 
Water. J. P. Burrie. Tech. sanit. 
munic. (Fr.), 45:74 (’50). Prelimi- 
nary expts. were made on the disinfec- 
tion of water by ozone and by sodium 
hypochlorite. Samples of suspensions 
of pure bacterial cultures, unfiltered 
water from the river Rhone, and wa- 
ter from the lake of Geneva after pas- 
sage through sand filters were exposed 
for various periods to different concns. 
of ozone and of chlorine and were then 
examined bacteriologically. Results of 
the expts. are given in tables. The 
same bactericidal efficiency was ob 
tained with equal concns. of ozone and 
chlorine but the action of chlorine was 
considerably slower and was affected 
by factors such as temperature and 
pH value. After reviewing the advan- 
tages and disadvantages of the two 
methods of disinfection the author rec 
ommends the use of ozone which is 
more costly than chlorination but has 
no harmful effects on humans. Some 
papers on the bactericidal action of 
chlorine and ozone are discussed 


briefly —IV PA. 


A New Process for the Disinfection 
of Water with Ozone. H. ScHMAss- 
MANN. ‘Tech. Rdsch. (Swiss), 43 
(’50). The water supply of Fullins 


(Continued on page 76) 
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FLEXIBLE 


“Surface-Hung 


It's New! 
Revolutionary! 


© Operates at any angle of 
circle without moving ma- 
chine. Adjust platform only. 


@ Installs in a fraction of 
the time of ordinary jacks. 
No holes to chisel in bricks. 


¢ Hangs in manholes FITS A 
too narrow for pres- SIZE 

ent jacks. MANHOLE 
No rebuilding of 
manholes necessary. LESS SN B 


Operates in “loose 


brick” manholes. NO BIND 


©@ Less snub on roller elimi- 
nates cable bind. Bucket 


passes easier. PATENTS APPLIED FOR 


SEWER-ROD EQUIPMENT CO. 


W 9055 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 
41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 
147 Hillside Terrace — Irvington, N. J. 79 Cerdan Avenue — Roslindale 31, Mass. 
P.O. Box 465 — Memphis, Tennessee 801 E. Excelsior Bivd. — Hopkins, Minn. 
1115 Delaware Ave.— Fort Pierce, Fla. 3786 Durango St.— Los Angeles 34, Calif. 
141 W. Jackson Bivd. — Chicago, I. 4455 S.E. 24th Street — Portiand, Oregon 
200 Magee Bidg. — Pittsburgh, Penn Francis Hankin — Montreal & Toronto, Can. 


351 West Jefferson Bivd. — Dallas, Texas 


AMERICA’S LARGEST MANUFACTURER 


OF PIPE CLEANING TOOLS AND EQUIPMENT 


| WORKS 
| FASTER 
INSTALL | 


| 
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dorf, Switzerland, is obtained from 
ground water in the Ergolz valley, and 
in recent years the pollution of this 
ground water has increased to such an 
extent that it has become unsafe to 
drink the water unboiled. In Sep- 
tember °50 a plant for disinfecting the 
water by ozone was placed in opera- 
tion. In this plant ozonized air is 
prepared by drawing air between an 
inner electrode consisting of an enam- 
elled steel tube and an outer electrode 
made from a special type of glass; a 
voltage of 10,000 v is developed be- 
tween the electrodes. The ozonized 
air is cooled and then compressed and 
released as bubbles in the base of a 
column of the water 5 m deep. As 
well as improving the hygienic quality 
of the water, treatment with ozone has 
improved its chemical quality by re- 
moving aggressive carbon dioxide.— 


WPA. 


Chlorine Dioxide as a Bactericide for 
Water Treatment. R.S. INncors. J. 
Inst. Wtr. Engrs. (Br.), 4:581 (50). 
The author summarizes recent litera- 
ture on the disinfection of water with 
chlorine dioxide. It has been shown 
in laboratory studies that Esch. coli, 
many intestinal pathogenic organisms, 
the virus of poliomyelitis, and spores 
of several strains of bacteria are sensi- 
tive to low conens. of residual chlo- 
rine dioxide. The spores of many bac- 
teria are much more sensitive to chlo- 
rine dioxide than to chlorine, even 
when water is chlorinated beyond the 
break point. In the conens. required 
for the disinfection of water, chlorine 
dioxide generally does not produce ob- 
jectionable tastes and odors. At pH 
8.0 it is very stable. The chemical 
characteristics of chlorine dioxide and 
methods for its detn. are described.— 


(Continued on page 78) 


why 
WALKING BEAM 
FLOCULATION 


is now specified by 
water works engineers 


- Eliminates troublesome underwater bearings. 

- Eliminates expensive dry well construction. 

- All bearings accessible for inspection and 
lubrication. 

- Produces quick responsive floc formation. 

. Longer filter runs. 

- A saving in alum. 


Write today for Bulletin 451 and a list of water 
purification plants that have gone modern. 


| STUART corPoRATION 


516 N. CHARLES ST., BALTIMORE 1, MD. 


Get Your 


SCRAP 


Into the 
SCRAP 


* 


Sell stuff and 
junk and things 
to your local 
scrap dealer. 


| 
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For — 
repairing 
broken 


cast iron 
mains 


ONE MAN REPAIRS = 5 TO 15 MINUTES 


In the SKINNER-SEAL sptit COUPLING CLAMP, gasket is SEALED at break 
by Brass Band; at top where compression rings intermesh, by Monel Metal Band. 


Insures against recurrence of trouble by introducing a degree of flexibility 
in the line. Each clamp tests to 800 pounds line pressure. Sizes 2”-24” inclu- 
sive. Be prepared — order today. Prompt shipment on rated orders! 

WRITE FOR CATALOG! 
M. B. SKINNER CO., SOUTH BEND 21, INDIANA 


| 
| 
COUPLING CLAMP 
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~ Oth Edition ~ 


Standard 
Methods 
~ 1946 ~ 


286 Pages Price $4.00 

Orders for the current edi- 
tion of Standard Methods 
for the Examination of 
Water and Sewage are 
now being filled through 
the publication office at 
APHA headquarters, 1790 
Broadway, New York 19, 
N.Y. 


Both cash and credit or- 
ders from AWWA mem- 
bers will receive promptest 
attention if sent directly 
to the APHA office. If 
credit is desired, please in- 
dicate your AWWA affilia- 
tion on the order. 


Published jointly by 


AMERICAN PUBLIC HEALTH 
ASSOCIATION 


and 


AMERICAN WATER WORKS 
ASSOCIATION 
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Sterilization With Chlorine Dioxide 
of Water at Niagara Falls, N.Y. F. 
V. H. Preer & J. Burnetr. Wtr. & 
Sanit., 88:6:24, 44 (’50). The use 
of chlorine dioxide in preventing the 
development of tastes and odors in 
water in the distribution systems of 
Niagara Falls, N.Y., is discussed. It 
appeared that secondary tastes and 
odors were formed by reaction of free 
chlorine in the treated water with or- 
ganic matter present in the mains. 
Previously, chlorophenolic tastes and 
odors in the raw water had been satis- 
factorily removed by chlorine dioxide 
and tests were made to determine 
whether presence of chlorine dioxide 
and absence of free chlorine in the 
treated water would give water of sat- 
isfactory hacteriological quality and 
also prevent the development of sec- 
ondary tastes and odors. Treatment 
at the water works comprises coagu- 
lation, sedimentation, and rapid sand 
filtration, and facilities are provided 
for preliminary and_ postchlorination. 
Results have indicated that by pre- 
liminary treatment with chlorine to 
give only a trace in the filter effluent 
and by maintaining a residual content 
of chlorine dioxide in the water enter- 
ing the distribution system, water of 
satisfactory quality is obtained and 
there is no apparent deterioration in 
the distribution system.—lHPA. 


OTHER ARTICLES NOTED 
Recent articles of interest, appearing in 
American pertodicals, are ltsted below. 
Spectrochemical Analysis of Radio- 
active Solutions. C. FripMaAn, M. B. 
Hawkins, M. Murray, & D. R. 
Warp. Anal. Chem., 22: 1400 (750). 


Potomac Valley Conservancy Dis- 
trict Takes the Offensive Against 
Pollution. H. A. Kemp. Civ. Eng., 
20:17:70 (’50). Acct. given of 


| sources and extent of poln. of the 


Potomac R. and work of the Inter- 
state Commission on the Potomac 
River Basin in controlling poln. de- 
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This Well 7 
ON Sticky Fluid 


tor instance 


Crane Diaphragm Valves on air pres- 
surized liquid latex piping service in 
paint factory, Adams & Elting Division, 
The Glidden Company, Chicago. 


THE HISTORY 


Conventional valves formerly used in 
this service were hindered by exposure 
of working parts to the line fluid. The 
sticky latex would accumulate in the 
bonnet and stem threads, freezing the 
stem, and making valve operation diff- 
cult or impossible. With 10 or more oper- 
ating cycles required daily, the valves 
were a constant trouble and expense. 

Both trouble and maintenance cost 
were completely eliminated by replacing 
with Crane Diaphragm Valves. Their 
fully sealed bonnet keeps latex out of 
working parts. They operate smoothly; 
don’t freeze or stick. Customer entirely 
satisfied; more Crane Diaphragm Valves 
ordered for new latex lines. 


OPERATION: 


nd, 


SUITABILITY: 


MAINTENANCE COST: 


Vane. lo halt 


SERVICE LIFE: 


OPERATING RESULTS: 
PRICE: 


AVAILABILITY: 


THE VALVE 


Crane No. 1610 Iron Body Packless 
Diaphragm Valves featuring separate 
disc and diaphragm. Neoprene dia- 
phragm acts as bonnet seal only; isn’t 
pinched or stressed when valve is closed. 
Conventional type seating makes posi- 
tive closure even should diaphragm fail. 
High flow capacity Y-pattern body has 
non-restricting interior design. Avail- 
able unlined or fully Neo- 

prene lined. Consult your 

Crane Catalog or Crane 

Representative. 


The Complete Crane Line Meets All Valve Needs. That’s Why 
More Crane Valves Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS * PIPE > PLUMBING * HEATING 


VALVE SERVICE RATINGS | 
é 
PRY 
| [ 
| Sr Bne- Ao 
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Cooling Towers. J. Jackson. Butterworths Scientific Publi- 
lications, London (1951) 104 pp.; $3.50 from Butterworth & Co. 
(Canada) Ltd., 1367 Danforth Ave., Toronto 6, Ont. 


This monograph, dealing principally with mechanical-draft 
water-cooling towers, has been published under the auspices of Im- 
perial Chemical Industries Ltd. to remedy what the author terms 
a lack of adequate published information on the subject. In addition 
to design factors, attention is paid to the economic alternatives of re- 
circulating water through cooling towers, obtaining water from the 
municipal supply, or pumping from a river or other body of water. 


MAPI Accounting Manual. Machinery & Allied Products 
Inst., 120 S. La Salle St., Chicago 3, Ill. (1952) $15. 


Designed for the machinery, industrial equipment, and capital 
goods producing industries, this volume nevertheless offers analyses 
of accounting problems common to many industries today. Some of 
the most salient concern methods of computing depreciation and in- 
ventory values—such as the substitution of replacement value for 
original dollar cost and the adoption of the “last in, first out” pro- 
cedure for inventory evaluation. Although not recommending spe- 
cific measures, the book does suggest the review of financial accounts 
in terms of economic income and values, and strongly hints that such 
a review may show the need for improved accounting methods. 


A wrapping machine ior applying plastic adhesive tapes to small 
diameter pipes is available from Plastic Engineering & Sales Corp., Box 
1037, Forth Worth, Tex., together with supplies of corrosion-resistant tape. 
Known as the Pesco Tapester 5, the manually powered machine is said to 
have a wrapping speed of 15 to 30 fpm and to be able to ride over field 
joints, welds and couplings. 


A sound film showing the cleaning of Kansas City’s sewers during the 
disasterous 1951 flood has been prepared for showing to interested groups 
by Ace Pipe Cleaning Contractors, Inc., 2003 Indiana Ave., Kansas City, 
Mo. The film was professionally prepared and edited and brings reality 
to the complicated action, which was taken under the stress of disaster. 
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Save up to 80% 
of the space required 
by “old-style” water 
treatment plants with & SS 


the Accelator 


...and the Accelator is built only by Infileo! 


Proved in over 1,500 installations 
throughout the world, the space-saving 
economics of the Accelator is but one 
of the many advantages thoroughly 
described by Infilco Bulletin 1825. 
Write for your copy today. 


N Fi Ifo INMFILCO INC. Tucson, Plants in Chicago & Joliet, Illinois 


FIELD ENGINEERING OFFICES IN 26 PRINCIPAL CITIES 


and WASTE 


World’s Leading Manufacturers of Water Conditioning and Waste-Treating Equipment 


= 
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Upsadowsing 
To the Editor: 


Ater all of the comment in Percola- 
tion and Runoff, it appears that the at- 
clipped from 


tached cartoon series, 


Diario de Occidente, one of our local 


EL TIO DE LAS BARBAS 


CORRESPONDENCE 


Vol. 44, No.5 


newspapers, might offer further possi- 
bilities for research. 

Howarp D. Scumint1 
Div. San. Engr. 
Creole Petroleum Corp. 
Maracaibo, Venezuela 
Mar. 29, 1952 


Taking friend Schmidt at his word 
rather than his thought, we channeled 
some immediate research into “Uncle 
Whiskers” antecessors and came up 
with the dowdy dowser pictured below 


from “This Week” magazine of Nov. 
19, 1950. All of which proves some- 
thing about something else than dows- 
ing. With things looking up this way, 
we'll let the rainmakers take it from 
there.—Eb. 


(j — 
. / / / 
Or) 
sy 


May 1952 JOURNAL AWWA PER 83 


FOR WATER WORKS MEN: 


UP TO 90,000 GPM CLEAR WATER CAPACITY 
with Wheeler-Economy Horizontally-Split Case 
Double-Suction Centrifugal Pumps 


Wheeler-Economy Double Suction Pumps have records of outstanding 
dependability in handling clear water or other liquids of low viscosity at 
. moderate pumping heads. These 
pumps are of the most modern 


ail hydraulic design, resulting in high 


> operating efficiencies with little 


maintenance and long life. 


Single stage, double suction, split 
case design in sizes from 114” to 
54”. For detailed features, see 
CATALOG A750. 


“HIGH HEAD’ IN A COMPACT PUMP 
Two Stage Type DMD 
Heavy duty, high efficiency with opposed 
impellers and horizontally split case. 
Sizes 2” to 10” for capacities to 4,000 
GPM and heads to 750 feet. Wheeler- 
Economy DMD Pumps are used in high 
head water works applications, build- 
ings, hydraulic elevators, boiler feeding, 
mines, etc. See CATALOG C351. 
121-W 


WHEELER-ECONOMY PUMPS 


" ECONOMY PUMPS, INC. * DIVISION OF C. H. WHEELER MANUFACTURING CO. 
19TH AND LEHIGH, PHILADELPHIA 32. PA 


"for the engineer's note book Pum 
| 
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(Continued from page 20) 


Slight limp in the march of science must have been the discovery 
that white rats given a series of electric shocks will drink 27 per cent more 
water than they do normally. Even if, in the end, the finding is ponderously 
pronounced applicable to humans, how many water works men these days 
have supplies adequate enough to go in for that type of sales promotion? 
Especially useless does the information seem in the light of a simultaneous 
discovery that approximately one-third of the rain produced in an average 
thunderstorm never reaches the ground, evaporating before it gets there. 
As if we haven't supply problems enough without scientifically seeking 
more, 


Coming attraction that has our mouth—yes—watering is a new 
novel by Henry Morton Robinson, to be called “Water of Life.” What 
if the subject is whiskey in all its moral, social, financial, and theological 
aspects, we can kid ourselves into thinking it’s the title we like. 


William G. Riddle has joined the Kansas City, Mo., consulting firm 
of Charles A. Haskins. He had previously been with Burns & McDonnell 
Engineering Co. and with the Oklahoma A. & M. College. 


(Continued on page 86) 


‘ ‘Mapping out a 
po’ Public Relations 
Campaign? 


Let Willing Water help you... he’s 
the master of all he surveys. Let him 
clear the brush of public ignorance 
of water works problems. Let him 
erect for you an edifice of public 
appreciation and co-operation on a 
foundation of good will. 
Willing Water is waiting to meet your customers and employees. Right 
now he has 32 different approaches to your problems in the form of 
low-cost blocked electrotypes or newspaper mats. And he’s only be- 
ginning his career. Write now for a catalog and price list to: 


AMERICAN WATER WORKS ASSOCIATION 
521 Fifth Avenue - New York 17, New York 
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sieve of “Century” Pipe and “Century” 
Simplex Couplings is shown here on site in 
New England preparatory to installation. 


*“CENTURY’’ 


ASBESTOS - CEMENT 
PIPE 


gives a New England 
town 19 miles of 
trouble-free water mains 


eee 


Thus, another community is 
added to the growing and 
already large number of places 
in every State where this 
modern water main has i 
been adopted. 


Right from the start this 

modern water system provides 
economical operation by the 
relatively low cost of installa- 
tion and reduced carrying 
charges plus the advantages i 
inherent in the pipe itself. 


Made of two practically inde- 
structible materials, asbestos 


“Century” Pipe awaiting installation. - fiber and portland cement, 


“Century” Pipe is strong and 
' durable. It is highly resistant 
i to external corrosion and 
internal corrosion (tubercula- 
tion) cannot take place due to 
its non-metallic composition. 
K&M ASBESTOS ROPE The permanently smooth 
e For yorring bell ond spigot joints a inner surface guarantees con- 
will not promote the breeding % tinuous flow and minimum 
of bacteric. Write for details. pumping costs. 
3 x4 It will pay you to investigate 
the many cost saving features 
of ‘Century’? Asbestos- 
Cement Pipe. 
H WRITE FOR FREE BOOKLET, Nature made Asbestos... 
"Mains without Maintenence” hKeasbey & Mattison has made it 
and reference material for anyone 


interested in water main pipes. 


KEASBEY & MATTISON 


COMPANY AMBLER PENNSYLVANIA 


] 
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(Continued from page 84) 


The bitter cups of Mt. Clemens, Mich., that distastified the water 
served in them at a local soda fountain (see February P&R p. 78) turned 
out to be bitter because of a phenolic disinfectant used by the paper manu- 
facturer in controlling slime on the screens employed in draining the pulp. 
The cup manufacturer discovered this only after a thorough investigation 
of the printing ink, the wax, and the glue used in his processes. 

Meanwhile, Mt. Clemens water caused more and louder sputtering at 
the local USO, where servicemen—not noted for their fondness for the 

j stuff under the best of circumstances—wouldn’t touch the water that gushed 
out of the new electric cooler. Super Bob Hansen, by then a supersnooper 
as well, went to work on the case forthwith, and in no time at all traced the 
machine from factory, to service department, to plumber, who admitted 


) using a castor-oil base pipe dope in making the installation. A minor cleanup 
job and the brew was palatable again. 

) It just goes to show you, though, all the bugs in water supply sure 
aren't bacteria. 


{ H. O. Proske has been appointed service manager for Rockwell Mfg. 
Co., and will establish product repair and parts handling procedures in 
factories and warehouses of the company. He has been with Rockwell 


: | since 1937 as a sales engineer in the Kansas City region, 


Imperialism on a local scale was the accusation when a meter reader 
of the Caldwell, N.J., water department recently extended his territory 
four houses into neighboring North Caldwell. Better than just taking 
' over the territory, however, the eagereyed one managed it so that North 
Caldwell provided the supply that Caldwell collected for. What if the 
dastardly deed was discovered, what if Caldwell did give up its loot, and what 
even if the fellow had been fired? We know lots of water departments, 


companies, even countries who could use a man as ambitious and effective 
| as all that. 

Even at the risk of ruining the story, we ought to explain that a year 
before the discovery, North Caldwell had built its own water system and 
discontinued purchasing a supply from Caldwell. It was immediately follow- 
ing the changeover that the reader misundertood his new instructions and 
read the meters in four houses that were actyally served by the new North 
Caldwell system. Not wanting their meters overread, householders shooed 
away the North Caldwell man who came shortly thereafter, and that 
continued that. 

With restitution made, we wonder if North Caldwell is paying Caldwell 
for meter reading rendered. 


(Continued on page 8&8) 
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PEKRUL GATES are engineered to 
} H Pekrul Model 57 Sluice Gate: meet the most rigid requirements 
36” x 48” Back Pressure for: 

Flanged Type 


Flood Cortrol {| 
Levees : 
Irrigation | 
Water Works 
Dams 

Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 


Cooling Towers 


Steel Mills 


MORSE 
for Catalog FF 


J 
|| 
| 
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(Continued from page 86) 

Federal aid amounting to $356,000 has been granted to the Cobb 
County-Marietta Water Authority in Georgia to construct water works. 
The facilities are to serve areas that have been classified as a critical defense 
housing area, and the grants were made by the Public Health Service and 
the Housing and Home Finance Agency. 


William D. Wheatley, chief chemist for the Pittsburgh Plate Glass 
plant at Crystal City, Mo., died on March 13 of a heart ailment after a brief 
illness. As chief chemist for the company’s Works No. 9, Wheatley not 
only had charge of the annealing of glass and other industrial operations, but 
also had charge of the plant’s and Crystal City’s water supply. A member 
of AWWA since 1945, he had served as vice-chairman and chairman of 
the East-Central Section of the Missouri Water and Sewerage Conference. 


“Worthington Corp.” is the new name for the century-old Worthing- 
ton Pump and Machinery Corp. Organized in 1940 to build a new type of 
steam pump, the change in name reflects the fact that the organization’s 
interests are now greatly diversified, with pumps representing only 30 per 
cent of the volume of business. 


(Continued on page 90) 


ANTHRAFILT Standard With 


(Reg. U. 5. Pat. Off.) 


As a Modern Filter Medium Has Outstanding Thousand S of 
Advantages Over Sand & Quartz Media Wa ter Works Men 


+ Length of filter runs doubled 

. Only about one half as much wash water required 

- Less coating, caking or balling with mud, lime, iron For Over 40 Years 
or manganese 

. Filters out of service less because of shorter wash 


Better of bacteria, micro-organic matter, DARLEY 
taste and « 
. Increased biter output with better quality effluent MAGN ETIC 
. ye the top portion, but the entire bed aids in DIPPING 


- Can be used in all types of filters using a filter 
NEEDLE 
- A perfect supporting media for synthetic resins 
. An ideal filter media for industrial acid & alkaline $17.50 
solutions 
. Decidedly advantageous for removal of fibrous 
material as found in swimming pool filters 


Additional information, recommendations with 3 section 
and quotations furnished upon request by telescoping handle 


Palmer Filter Equipment Company $22.25 

82? East Sth Street. P.O. Box 1655 
Erie, Pennsylvania 

representing Write Today for 

Anthracite Equipment Corporation 68 - Page Catalog 


W.S. DARLEY & CO., Chicago 12 
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SPARLING MAIN-LINE METERS 


PRIMARY METER TUBE 


The COMPOUNDS wit. 


Flow-Ranges as Wide as 1 to 125 


® Accurate Measurement on Low Flows 
as well as on High Flows 


* One Totalizer and no sharp cut-over 
point 


® Conserve Pressure—see Bulletin 
311 for low-loss curves 


® Sizes 6-inch to 36-inch, with Flanged, 
Bell and Spigot ends 


Quotations and Bulletin 311 
come at your request 


@ SPARLING METER. COMPANY 


626 Broadway ...............CINCINNATI 2 
1500[South Western Ave. 


101 Park Avenue NEW YORK 17 
6 Beacon Street 1932 First Avenue 
726 Reserve Loan Life Bidg. 


66 Luckie Street N.W 
KANSAS CITY 6 


COMPOUND TOTALIZER 
ASSEMBLY 
/ 
PRIMARY COMPOUND 
DIFFERENTIAL VALVE — 
al 4 
COMPOUNDING TUBE SECTION 
LOS ANGELES 54 
CHICAGO 8...... 
BOSTON 8....... 
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(Continued from page 88) 


Moose juice was our reaction when we first heard of Goshute- 
Antelope Valley in Elko County, Nevada. But from the evidence of our 
own abstraction (April Condensation, p. 78 P&R) we have to confess not 
only that there is such a valley in such a county in Nevada, but that it 
contains ground water and that the ground water contains “sulfate, Cl and 
F.” Actually at a season like this, even if it were to rain deer in the valley, 
we'd be more interested in Goshute-Par ! 


a. Speaking of the season, though, the Southeastern Section identifies 
. | it in different terms, as witness the quarantine notice which was prominently 
q i posted at its recent meeting in Augusta, Ga. : 

t 


FISHING FEVER 


VERY CONTAGIOUS TO ADULT MALES, ALSO FEMALES 
SYMPTOMS-Continual Complaint as to Need for Fresh Air, Sunshine and 
. Relaxation. Patient Has Blank Expression, Sometimes Deaf to Wife and 
Kids. Has No Taste for Work of Any Kind. Frequent Checking of Tackle 
Catalogs. Hangs Out in Sporting Goods Stores Longer Than Usual. Secret 
Night Phone Calls to Fishing Pals. Mumbles to Himself. Lies to Everyone. 
NO KNOWN CURE. 

TREATMENT-Medication Is Useless. Disease Is Not Fatal. Victim Should 
Go Fishing as Often as Possible. 


WILEY BASS, Dept. of Public Health. 


Meanwhile, the Brooklyn Chapter of the New York Section persists 
in its affiliation with the Flatbush Society for More Frequent Grandmother 
Interment—lbbets Field Contingent. 


It happens every spring! 


Every spring, too, the misdistribution of water in both time and 
space begins to make itself more felt. With the Midwest all aflood, Texas 
was wishing, working, even praving for rain. The level of Lake Erie was 
up some 1& inches, causing considerable damage to lake-front homes, high- 
ways, and seawalls. Similarly, the Salton Sea pulled itself up a couple feet 


(Continued on page 92) 
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1. Head Core Put in Place HEAD CORE 


MOLTEN IRON 
WATER JACKET 


3. Cast Holf-Complete 


PULLER BLOCK 


McWane-Pacific operates probably the most modern and im- 
proved DeLavaud Centrifugal Cast Iron Pipe Foundries in the : 
world at Birmingham and Provo, Utah. They incorporate many See =* 
improvements over the original DeLavaud process. McWane- => 
Pacific’s centrifugal pipe casting machines are almost entirely 
automatic in operation—and each machine makes on the average 

one McWane-Pacific Q-check Cast Iron Pipe every 2 minutes. 


The simplified diagram above illustrates the five steps through 
which a McWane-Pacific centrifugal machine goes in casting one 
pipe. When you have an opportunity, come and see these modern 
pipe foundries in operation. 


- 


McWANE Cast Iron Pipe Company PACIFIC STATES Cast Iron Pipe Co. 


Birmingham, Ala. Provo, Utah 
Pipe Sizes 2” thru 12” Pipe Sizes 2” thru 24” 
Sales Offices Sales Offices 
Birmingham 2, Ala..............P. O. Box 2601 Provo, Utah Box 18 
Chicago J, Ill. ........333 North Michigan Ave Denver 2, Colo.............. 1921 Bloke Street 
Los Angeles 48, Col. ... 6399 Wilshire Blvd 
Kansas City 6, Mo. .........1006 Grand Avenue Portiond 4, Oreg........501 Portland Trust Bidg 
Dollas Texas.......... 1501 Mercantile Bk. Bldg. Salt Loke City..........Waterworks Equip’t Co. 


MOTOR 
Ae 
2. Start of Continuous Cast in Spinning Mold 
: 
5. Pipe Removed -Lodle Refilled E 
| 
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to 237 below sea level and forced relocation of runways and other facilities 
of the Sandy Beach Atomic Energy Base. And New York City, with 
reservoirs brimming, began worrying again about squandering now what 
it will need later. Too much, too little, too soon, too late, or even just right 
—as in the Salt River Valley last April—for too short a time. 


The Texas thirst has all the earmarks now of another well-told tale 
of drydom. ‘Today is a fine day,” noted a radio commentator, “it is raining 
in many parts of Texas.” Meanwhile, the daily headlines tell of a prayer 
meeting that successfully brought a shower to Del Rio; a drizzle at Abilene ; 
showers in “upper south Texas”; rainmaking experiments in 26 counties ; 
delivery of water from Mexico’s Marte R. Gomez Reservoir under agree- 
ment with the International Boundary and Water Commission; reuse of 
air-conditioning supplies at San Antonio; water rights at San Angelo. One 
of these days some New Yorker with elephantine enough memory to recall 
the drought of 49 is going to repay that tanktruckful that Texans con- 
tributed when the roles were reversed (Feb. 1950 P&R p. 2). And some 
one else from somewhere else is sure to point out that even in Texas water 
and oil can’t be expected to mix. Even without stunts, though, waterless- 
ness, if not water, is getting more than its share of the headlines, as the 
drought, if not the thirst, goes on. 


Victor A. Hann has been elected executive vice-president and member 
of the board of the Welsbach Corp., effective April 1. As director of the 
Ozone Processes Div. of Welsbach Corp., Hann has been working on plans 
for an ozone installation for Emery Industries of Cincinnati that will be the 
world’s largest. 


The 1952 Gordon Research Conference on Ion Exchange will be 
held July 7-11 at the New Hampton School, New Hampton, N.H. The 
conference is one of the group of Gordon Research Conferences sponsored 
by the American Assn. for the Advancement of Science and will include 
papers on ion exchange counter current systems, kinetics, electrodes, mem- 
branes, and economics. Details may be obtained from W. George Parks, 
director of the Dept. of Chemistry, University of Rhode Island, Kings- 
ton, R.I. 


M. A. Matthews, sales engineer for Neptune Meter Co. in the 
Houston, Tex., area, has been recalled to active duty with the Marine 
Corps. He is currently stationed at Camp Lejeune, N.C., as a major. 


(Continued on page 94) 


¢ 
| 
i | 
\ 


May 1952 JOURNAL AWW 


8 YEARS a BILLION 
DAY LATER 


Since our fiftieth anniversary in 1947, many new Roberts- 


quipped water treatment plants have been installed .. . 


and in the same period a number of additions have been 
made to plants that have carried the Roberts nameplate of 
dependability for many years. 

We are proud of this accomplishment; not only because 
of the total quantity of a billion gallons a day, added in 
the past five years, but because of the reports we receive 
from the men who are operating our equipment year in 


and year out. 


* 
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(Continued from page 92) 


The tank collapse at Tucumcari, N.M. (see this issue, p. 435), has 
now resulted in damage suit claims totaling $120,000. Four persons were 
killed and six injured when the municipal water tank gave way last De- 
cember 13. The suit claims that the city was negligent in erecting and 
using the tank. 


A laboratory-size deionizing kit has been devised consisting of a 
polyethylene bottle that can be filled at the tap and squeezed to force the 
water through a special blend of ion exchange materials. The Deeminac, as 
it is called, is said to yield up to 20 gal. of water equivalent to the triple- 
distilled product on a single charge of chemical. Recharge filters are avail- 
able and must be used when the change in color of the original indicates 
that it has been exhausted. A circular is available from E. Machlett & Son, 
220 East 23rd St., New York 10, N. Y. 


Morris M. Cohn, sanitary engineer of Schenectady, N.Y., and editor 
of the Case-Shepperd-Mann publication, I!"astes Engineering, has been 
appointed city manager of Schenectady. He will retain his editorial post. 


(Continued on page 96) 


On Call... 
fo tell your story for you! 


Willing Water wants work on or as 
your public relations staff. Let him 
be your spokesman to your customers 
... to your personnel. You'll find him 
a master of the art of putting across 
your ideas...of soliciting co-operation 
...of establishing good will. Call him 
up... put him to work on your public- 
ity, your signs, your bulletins, your 
bills, your reports... you'll find him 
ready, able and, of course, willing. 

Low-cost blocked electrotypes or 
newspaper mats, in 32 different poses, 
are immediately available to you. 
Write now for a catalog and price 
list to: 


AMERICAN WATER WORKS ASSOCIATION 
521 Fifth Avenue -. New York 17, New York 
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...Hundreds of Man-Houwrs on 
New Installations 


YOU 


CAN NOW DO AN ALL 

MECHANICAL-JOINT JOB 

WITH 

PIPE, FITTINGS, VALVES, 
AND HYDRANTS 


...Wwith 
EDDY Mechanical -Joint 


Valves 


After excavation, two unskilled workmen 

and a ratchet wrench can install 

Eddy Mechanical-Joint Valves in a jiffy. This can 
mean many man-hours saved each year. What's more, the work can be 
done in a flooded trench, or in any kind of weather— for no caulking, no 
lead-melting is needed...and all joints are bott/e-tight under pressure. 
Valves meet AW WA specifications, and are available in sizes 3" to 12” 
for use on both sand-cast and centrifugally-cast iron water pipe. 


...and 
EDDY Mechanical-Joint 
Fire Hydrants 


Mechanical-Joint connection allows quick, 

easy installation or removal (with or without auxiliary valve). 
Hydrants also available with bell or flanged connection. All oper- 
ating parts accessible by removing top cover. Hydrants open 
fast, close easily. Even a bent stem does not cause water loss, and 
drip-action prevents freeze-up. Stock up now on both 

Eddy Mechanical-Joint Cutting-in Valves and Hydrants. Be 

ready to make easy, speedy installations when needed! 


EDDY 


WATERFORD vroen 


ify 
= 
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(Continued from page 94) 


Interutility cooperation and interdependence will be featured by an 
unusual combination of water treatment plant and steam power generator 
to be constructed at Fairbanks, Alaska. Water from the supply wells will 
first be used by the power plant for condenser cooling. The effluent water, 
having been warmed to 60 F, will then be processed by the water plant and 
pumped into the distribution system, with, engineers feel, much less likeli- 
hood of freezing. The 1.4-mgd plant is said to be the first in Alaska to 
provide complete water treatment. 


4 
s 4 Thar’s gold in them thar rills—the ones, at least, that feed the 
, : Chattahoochee River; and all that gold, picked up by the water in flowing 


through “some of the richest gold country in the world,” is what one 
Jenjamin P. Tuggle, mining engineer of Atlanta, Ga., is after. Having 
found that the river assayed between five and seven cents per ton, Mr. 
Tuggle spent the last fourteen years perfecting a machine to recover them 
pennies before they went to sea. Just patented, the Tuggle “Splash It Rich” 
device is based on the principle of the centrifuge, spinning gold particles into 
a mercury lining inside a separator unit through which the watore is passed. 
Admittedly impractical in small-scale installations, the machine is scheduled 
for a big-time operation—a bank of 100 machines, costing half a million dol- 
lars, handling 3,000 tons of water and silt per minute, and netting approx- 
| imately $45,000,000 per year. Only trouble right now is half a million dol- 
| lars, difficulty in obtaining materials for building the device, and a more 
immediately profitable mica-mining business. But what price water after a 
Korean truce? Our reservoirs will be all banks, and even if we don’t mine 
them, we ought to be able to get more for a supply that’s recognizably 
enriched. 


gate 


A. L. Jones, formerly manager of the water treating and deaerator 

j section of Worthington Pump & Machinery Corp., has been appointed 
> manager of the Water Treating Div. As such he will be in charge of 
sales, engineering, production and service of water treatment equipment. 
He has been associated with Worthington since 1920. 


Leonard A. Scheele was sworn in for his second term as Surgeon 
General of the Public Health Service on April 3. The Senate had earlier 
confirmed the reappointment. The seventh Surgeon General to be ap- 
pointed since Congress created the post in 1870, Dr. Scheele has been with 
the service since 1934, and was only 40 years old at the time of his first 
appointment as its head in 1948. During the war he served in the Mediter- 
ranean Theater and Italy, and in 1944 was medical member of General 
Eisenhower's planning staff. 


(Continued on page 98) 
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Shorter Detention Periods? 
Increased Tank Capacity? 
Clearer Effluent? 


this bulletin 
shows you 
how! 


Here’s a new bulletin If you want to increase effi- 
that explains simply, yet incom- ciency of existing settling tanks, 
plete detail, the many advantages __ or are considering new construc- 
of Rex" Verti-Flo® It shows you _ tion, this bulletin is a ‘“‘must”’ for 
how Verti-Flo makes possible you. Write for your free copy 
shorter detention periods... today. Chain Belt Company, 
increases tank capacity... 4609 W. Greenfield Avenue, 
assures clearer effluent. Milwaukee 1, Wisconsin. 


) Chain Belt company 


OF MILWAUKEE 


Atlanta Baltimore Birmingham Boston Buffalo * Chicago Cincinnati 
Dallas Denver «+ Detroit El Paso Howust Indianapoli: 
Jacksonville * Kansas City * Los Angeles + Louisville + Midland, Texas + Milwaukee 
Minneapolis * New York Philadelphia + Pittsburgh Portland,Ore. Springfield, 
Mass. St.lovis Saltlake City * SanFrancisco + Seattle * Tulsa © Worcester 


Export Offices: Milwaukee and 19 Rector Street, New York City 


— 
= 
~ 
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A “plumber’s helper” ain’t what it used to be, at least not in Oradell, 
N.J., since master plumber Walter Fischer had an idea. Now the term 
means “everybody's wife,” young, old, or unadmitted, for almost everybody's 
wife is attending Fischer’s free classes in plumbing repairs for women. 

Noting the increase in unprofitable “change a washer” calls from new 
housing developments in the suburban community, Fischer decided it would 
be good business, not only for him, but for all plumbers to teach homeowners 
what to do themselves and what to call a professional for. He picked on the 
women, first because they are closest to the troubles and, second because the 
men didn’t respond when they had a chance. What he may not realize, of 
course, is that the men actually are responding in their own way and to their 
own best advantage. Be that as it may, water works men must be right with 
Fischer's fellow plumbers in enthusiasm—professionally, too, for the water 
it ought to save from husbandial procrastination. 

Typical tips of a Fischer lecture-demonstration are: “Use a hard 
washer, not a soft rubber one, on a hot water faucet.” “Use the right tool 
for the job.” “Always tackle the largest nut when taking a faucet apart— 
usually it is the one that should come off first.” 

Wonder who stops the drips in the Fischer household ? 


(Continued on page 100) 


M-SCOPE Pipe Finder 


LIGHTWEIGHT MODEL 


Catalog No. 25K 


On Request 


JOSEPH G. POLLARD CO., INC, 


Pipe Line Equipment 


New Hyde Park New York 
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You're 
your 


‘when you specify 


You can be sure you get 100 cents CAST | RON Pl 42 


to the dollar when you plan your 

piping system around WARREN 

Cast Iron Pipe and WARREN Cast e 
Iron Fittings. 

WARREN Cast Iron Pipe is pro- STRENGTH... TOUGHNESS... 
duced in all sizes from 2” to 84” RESILIENCY... MEAN MAXI- 
with all types of joints..... fittings 
in numerous non-standard patterns MUM LIFE! 
to meet unusual requirements. 


“BUILT TO BE FORGOTTEN” 


arren FOUNDRY & PIPE CORP. 
55 LIBERTY STREET, NEW YORK 5, N.Y. 
Bell & Spigot Pipe «+ Flange Pipe + Mechanical Joint Pipe 


Flexible Joint Pipe * Short Body Bell & Spigot Specials 


WARREN PIPE CO. OF MASS. INC. 75 FEDERAL ST. BOSTON, MASS. 


95 Years of Continuous Service 
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(Continued from paye 98) 


Fluoridation fact and fable continue to accumulate—fact, as usual, 
like a tortoise and fable like a hare. From Madison, Wis., however, came 
the eagerly awaited first report on experience with a fluoridation chemical 
other than sodium fluoride. A study in the west area of the city by the 
Madison Dept. of Public Health and the Dane County Dental Society after 
34 years addition of hydrofluoric acid indicated even better results than those 
reported by Brantford, Ont., and Sheboygan, Wis., after similar periods of 
experience—a reduction of 67 per cent in average decayed surfaces per 
five-year-old kindergarten child compared with those in the control city, 
Stevens Point, Wis. And from Lawn Care, publication of O M Scott & 
Sons Co. of Marysville, Ohio, came reassurance, based on both experience 
and experiment, that fluorides in lawn sprinkling water would not hurt the 
grass, intimations to the contrary from Seattle notwithstanding. Negative 
fact being even scarcer than the positive these days, we've been unsuccesstul 
in this month’s sift, but we keep straining. Meanwhile, the stuff we siit 
seems so much more productive of psychological than physical fact that we're 
tempted to change the subject. 


Henry T. Sulcer, general manager of Graver Water Conditioning Co., 
has been elected vice-president of the parent organization, Graver Tank & 
Mfg. Co., of East Chicago, Ind. Prior to coming to New York to head the 
subsidiary firm, Sulcer had been auditor for all divisions of Graver. 


James L. Baumgartner has joined the sales force of Neptune Meter 
Co., and will represent it in the Houston, Tex., area. 


The sea water desalting bill, on which hearings were completed last 
fall, has finally been reported out of the House Interior Committee. Known 
as HR 6578, the bill would authorize research into the conversion of sea 
water into fresh water, with some practical procedure as its goal. The 
demonstration plant called for by the Engle bill has been eliminated, how- 
ever, and the $1,000,000 appropriation required by the earlier version has 
heen spread over five years. 


Peter Ley, Arthur McCauley, and Maurice V. Hegarty have been 
elected vice-presidents of the Jamaica, N.Y., Water Supply Co. Ley, who 
started in the utility’s Engineering Dept. in 1924, has also been made chief 
engineer. McCauley, a member of the bar in New York, has been secretary 
and attorney for the company for 17 years. Hegarty, who has been with 
the firm 20 years, also becomes chief of operations. In other actions taken 
by the company’s Board of Directors meeting in April, Mrs. Katherine 
Leslie was reelected chairman and D. J. Hennessy was reelected president. 


| 
| 
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INERTOL PAINTS 


specified 


for Augusta, Georgia, Water Filtration Plant 


Ramuc Utility imparts a tile- 
like durable finish to concrete 
floors, walls, ceilings, and 
walks over filter beds. This 
chlorinated rubber-based en- 
ame! stays color-fast and hard 
under strongest cleansers; it 
is unaffected by lime in green 
concrete. 


Glamortex an alkyd resin 
enamel protects and beauti- 
fies machinery, equipment, rail 
ings, sashwork, piping and 
nonsubmerged metal surfaces 
A long-lasting mar-resistant 
enamel. 


Atlanta Engineers Robert & Company find 
Inertol Paints meet exact plant requirements 


Consulting Engineers Robert & Company 
chose Inerto] coatings to beautify and 
protect this Augusta, Georgia, filtration 
plant because each product was developed 
especially for Water Works application. 
Inertol Paints far exceed requirements 
for hardness, chemical inertness, elastic- 
ity and beauty — meet specifications for 
water-, weather- and fume-resistance 

In thousands of installations in every 
part of the country the superior perform- 


INERTOL 


480 Frelinghuysen Avenue 
Newark 5, New Jersey 


ance and long-run economy of the Inertol 
line has been proved to the satisfaction 
of Plant Superintendents and Engineers 
alike. 

If you require specialized coatings to 
meet vour needs, ask to have an Inertol 
Field Representative call. Or send today 

for our “Painting Guide.” This concise 
pamphlet is invaluable to Specification 
Writers, Design Engineers, Plant Super- 
intendents and Contractors—and it’s free. 


co., INC. 


27 South Park, Department 1 
San Francisco 7, California 


— 
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Resistance-to-ground measurements 
may be made by Vibroground instru- 
ments, according to a circular dis- 
tributed by Associated Research, Inc., 
3758 W. Belmont Ave., Chicago 18, 
Ill. In addition to the model designed 
for quick determination of the resist- 
ance to earth of man-made grounds, 
the company offers instruments for 
geophysical prospecting by the four- 
point method, for direct-reading soil 
resistivity measurement for corrosion 
surveys, and other purposes. 


Main cleaning services offered by 
Ace Pipe Cleaning Contractors, Inc., 
are described in an illustrated folder 
available from the company. The 
company uses hydraulic pressure scrap- 
ing tools capable of cleaning mains 
from 4 to 60 in. in size. For ex- 
treme incrustation, power driven tools 
A sewer cleaning service 1s 
also described. The firm is located at 
2003 Indiana Ave., Kansas City, Mo. 


are used. 


Mechanical shaft seals are featured 
in a new line of horizontal, split-case, 
general service pumps in discharge 
sizes from 14 to 4 in. The capacity 
range is up to 750 gpm, with a head 
range up to 230 it. Replacement of 
the conventional stuffing box by the 
standard mechanical shaft seal is 
claimed to save floor space, eliminate 
shaft leaks, permit easier servicing and 
shorter shaft lengths, and improve 
performance characteristics. The de- 
tails are given in a bulletin No. B- 
1350, on the Type AS pump distrib- 
uted by Pump Div., Food 
Machinery & Chemical Corp., 301 
West Ave. 26, Los Angeles 31, Calif. 


Peerless 


SERVICE LINES 


V ol. 44, No. 5 


Centrifugal pump instruction book- 
lets have been released by Allis- 
Chalmers Mfg. Co., 1026 S. 70th St., 
Milwaukee, Wis., and are available on 
request. Bulletin O8X7780 contains 
48 pages of installation, operation, 
and repair instructions for multi-stage 
centrifugal pumps. Bulletin 08X7813 
is just half as long and covers single 
stage-single suction pumps. Both bul- 
letins include information on unload- 
ing, aligning, special features like the 
“Magic-Grip” coupling, and a_ table 
of trouble-finding tips. 


Loss-in-weight gravimetric feeders 
for dry materials are described in a 
new folder, 30-H12, issued by Omega 
Machine Co., 345 Harris Ave., Provi- 
dence 1, R.I. In addition to describing 
the operation and components of the 
equipment, the bulletin describes such 
accessories as chart recorders, hopper 
agitators, and dissolving chambers. 


Speed reducers of the double-worm 
and helical-worm gear types are de- 
scribed and their specifications de- 
tailed in a 48-page bulletin available 
from De Laval Steam Turbine Co., 
Trenton 2, N.J. Information is also 
provided on how to select double re- 
duction gearing, and horsepower rat- 
ing tables and dimension sheets are 
included. 


Air-operated butterfly valves of- 
fered by Minneapolis-Honeywell Reg- 
ulator Co., Wayne & Windrim Ave., 
Philadelphia 44, Pa., are described in 
a 12-page bulletin available from the 


company. The assemblies feature 
Continental butterfly bodies and 
Honeywell Air-O-Motor diaphragm 


operators, 


Water conditioning units, includ- 
ing softeners and deionizers for proc- 
ess and boiler waters, are described in 
a 20-page booklet, No. 611, distributed 
by Elgin Softener Corp., Elgin, II. 


(Continued on page 104) 
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Each time this lady, and millions like 
her, turns on her water faucet, she 
benefits from the Centriline process. 
In cities where water pipes and 
mains have been Centrilined, there 
will be no loss in pressure, or water 
contamination due to corrosion and 
tuberculation . . . no increase in water 
bills for her due to increased pumping 
and maintenance costs... no 
inconvenience due to torn-up streets. 
Yes, this lady should know about 


JOURNAL AWWA 


Centrilining . . . and so should you. 
The Centriline process thoroughly 
cleans pipelines in place up to 144” in 
diameter—coats the walls centrifugally 
with strong cement-mortar and 
trowels it to a smooth even surface 

. Strengthening the pipe... 
making it better than new. Corrosion 
is prevented, leakage is stopped, 
flow capacity improved. Write for your 
copy of Centriline’s new booklet 
describing this time proven process. 


CEMENT-MORTAR LININGS FOR PIPES IN POSITION 


e+) OF EXPERIENCE 


® 


CENTRILINE CORPORATION 


A subsidiary of Raymond Concrete Pile Co. 
140 CEDAR STREET, NEW YORK 6, N. Y. 


Branch Offices in Principal Cities of United States and Latin America 


ON THE WEST COAST, WRITE PIPE LININGS, INC., P. O. BOX 3428, 
TERMINAL ANNEX, LOS ANGELES, CALIFORNIA 
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fentriline mean 
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ELECTRO 
RUST-PROOFING 
AT WORK! 


At a midwestern city, ERP 
cathodic protection systems 
have been controlling corro- 
sion in large diameter clari- 
fiers for several years. A recent 
inspection showed that “about 
95% of the red lead undercoat 
was intact and—no pitting was 
taking place even at weld 
seams and bolt and rivet 
heads.” Following this inspec- 
tion, a neighboring city or- 
dered ERP systems for both its 
clarifiers and flocculators. 

ERP’s 15 years of continu- 
ous experience in cathodic 
protection is always at your 
service. 


REPRESENTATIVES IN 
PRINCIPAL CITIES 


Electro Rust-Proofing Corp. (N. J.) 
BELLEVILLE 9, NEW JERSEY 
CATHODIC PROTECTION 


FOR ALL BURIED AND 
SUBMERGED STRUCTURES 


SERVICE LINES 


V ol. 44, No. 5 
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Coal-tar base enamels for protec- 
tive coating of pipelines are described 
in a 24-page booklet available from 
the company. Information on a com- 
pound for protection of mechanical 
pipe couplings is included, as well as 
a table of quantities required. 


Capitalism and the stock market are 
| suggested as subjects for company 
| house-organ features by the brokerage 
| firm of Merrill Lynch, Pierce, Fenner 

& Beane, 70 Pine St., New York 5, 
| N.Y. A booklet entitled “They’re do- 

ing it—Are you?” is offered, giving 
| examples of such features run by na- 
| tionally prominent companies, and the 
| firm offers its assistance for such prep- 

aration without charge. Reprints of 
| an advertisement, “About This Stock 
| and Bond Business,” are also offered 
| in quantities up to 2,500 without 
| charge. 


Dressertape, a high dielectric plastic 
tape for the protection against corro- 
sion of underground pipe, is described 
in a circular distributed by Dresser 
Mfg. Div., Bradford, Pa. 


Mechanically operated filter gages 
/are described in a new folder, Bul. 
450-H10, available from  Builders- 
Providence, Inc., 345 Harris Ave., 
Providence 1, R.I. The operation of 
"diaphragm pendulum units, used as 
| head loss and flow indicators, is de- 
| tailed, and specifications are given for 
the gages. 


| Flow meters for measurement of 
| open channel flows through a Parshall 
| flume or a weir are described in a cir- 
| cular, Bul. F1606, being distributed by 

Bristol Co., Waterbury 20, Conn. The 
_ meter operates by measuring the head 
| of water upstream from the weir plate 
| or flume throat and converting this fac- 


_tor into terms of flow. 


— 
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Modernization with Rensselaer 
The Old Port Washington, Wisconsin, Water plant is now one 
of the most modern filter plants in the country. 

The illustration shows the pump room, entirely equipped with 
Rensselaer gate and check valves. All gate valves 4 inch and 
larger in the entire plant are also Rensselaer. 

Rensselaer products are well above specifications not only 
in general characteristics but in the thickness of metal at im- 
portant points. They are designed with the “know how” which 
goes back to the early days of water systems, and they are 
built by technicians many of whom have been with the Com- 
pany 35 years or more. : 

You don’t have to build a new plant in order to modernize 
with Rensselaer. Ask our local representative why a replacement 
of a troublesome check valve will eliminate slam—why Rensselaer 
tapping sleeves save time, and why Rensselaer hydrants and 
valves will save maintenance on your service extensions. 


Rensselaer vave 


DIVISION OF NEPTUNE meres 
Soles representatives in principal cities 
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Coming Meetings 


May 26-28—Canadian Section at Mount Royal Hotel, Montreal. 
Secretary, A. E. Berry, Director of San Eng., Parlia- 
ment Bldgs., Toronto 2, Ont. 


June 18-20— Pennsylvania Section at Lawrence Hotel, Erie. Secre- 
tary, L. S. Morgan, Div. Engr., State Dept. of Health, 
Gsreensburg, Pa. 


25—New Jersey Section Summer Outing. Luncheon at 
Martinsville Inn, Martinsville. Inspection of Elizabeth- 
town’s Millstone-Raritan Filter Plant. 


Start Thinking Now About 


GRAND RAPIDS, MICH. 
May 10-15, 1953 


AWWA's 73rd Annual Conference 


4 
| 
ay 
| 
\ 


Way 1952 JOURNAL AWWA P&R 107 


Carson Bell-Joint Clamps 
HAVE MANY USES 


1. Stop joint leakage 

2. Reinforce repair-sleeve 
joints 

3. Reinforce new joints 
subject to vibration 


Substitute for lead 
joints in wet trenches 


Water works men in all sections of the 
United States endorse Carson Clamps. 
Carson Bell-Joint Clamps and Bolts are made of charcoal iron 
which has uniform high strength and is resistant to corrosion. The 
gasket, gland and bolts are so designed that they tightly grip the 
bell to make a permanent, flexible, leak-tight joint. Carson 
Clamps are adjustable to fit variations in bell face or variations 
in circumference of either bell or spigot. 


Carson C1-60 charcoal cast Look for this trademark on 
iron bolts have uniform Carson Clamps and Carson 
high strength and sound- Bolts. It insures you are 
ness, and are resistant to getting the genuine. Write 
corrosion. for literature and prices. 


H. Y. CARSON COMPANY 


1221 PINSON STREET 
BIRMINGHAM. ALA. 


| 
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Index of Aduertisers’ Products 


Activated Carbon: 
Industrial Chemical Sales Div. 
Permutit Co. 


Aerators (Air Diffusers): 
American Well Works 
Infilco Inc. 

Permutit Co. 


Air Compressors: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co. 
Worthington Pump & Mach 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div. 

General Chemical Div. 


Corp. 


Ammonia, Anhydrous: 
General Chemical Div. 
Ammoniators: 
Proportioneers, Inc. 
Wallace & Tiernan Co., Inc 


Brass Goods: 
American Brass Co. 
M. Greenberg’s Sons 
Hays Mfg. Co. 
James Jones Co. 
Mueller Co. 

4. P. Smith Mfg. Co 


Carbon Dioxide Generators: 
Infileo Inc 
Walker Process Equipment, Inc. 


Cathodic Protection: 
Llectro Rust-Proofing Corp. 


Cement Mortar Lining: 

Centriline Corp. 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

Warren Foundry & Pipe Corp 

Chemical Feed Apparatus: 

Builders-Providence, Inc. 

Cochrane Corp. 

Infilco Inc. 

Omega Machine Co. (Div 
ers Iron Fdry.) 

Permutit Co. 

Proportioneers, Inc 

Ross Valve Mfg. Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Co., Inc 


Build- 


Chemists and Engineers: 
(See Prof. Services, pp. 25-29) 


Chlorination Equipment: 
Builders-Providence, Inc. 
Proportioneers. Inc 

Wallace & Tiernan Co, Inc 


Chiorine Comparators: 
Hellige, Inc. 

Klett Mfg. Co 
Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 


Chiorine, Liquid: 
Solvay Sales Div. 

Wallace & Tiernan Co.. Inc 
Clamps and Sleeves, Pipe 
James B. Clow & Sons 

Dresser Mfg. Div. 

M. Greenberg's Sons 

James Jones Co. 

McWane Cast Iron Pipe Co. 
Mueller Co. 

Pacific States Cast lron Pipe Co. 
Rensselaer Valve Co. 

Skinner, M. B., Co. 

4. P. Smith Mfg. Co. 
Smith-Blair, Inc. 

Clamps, Bell Joint: 
Carson-Cadillac Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 


Skinner, M. B., Co. 
Smith-Blair, Inc. 


Clamps, Pipe Repair: 
James B. Clow & Sons 

Dresser Mfg. Div. 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co 
Skinner, M. B., Co. 

Smith- Blair, Inc. 

Warren Foundry & Pipe Corp 
Clarifiers: 

American Well Works 

Chain Beit Co 

Cochrane Corp. 

Dorr Co 

Infilco Inc. 

Permutit Co 

Walker Process Equipment, Inc 


Cleaning Water Mains: 
Pipe Ciean 


Water Main Cleaning Co 


Condensers: 
United States Pipe & Foundry Co 


Contractors, Water Supply: 
Boyce Co., 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc. 

Infileo Inc. 

Simplex Valve & Meter Co 

R. W. Sparling 

Copper Sheets: 

American Brass Co. 

Copper Sulfate: 

General Chemical Div. 

Tennessee Corp. 

Corrosion Control: 

Calgon. Inc. 

Dearborn Chemical Co. 

Couplings, Flexible: 

DeLaval Steam Turbine Co 

Dresser Mfg. Div. 

Philadelphia Gear Works, Inc 

Smith-Blair, Inc. 


Diaphragms, Pump: 

Dorr Co 

Morse Bros. Mchy. Co 

Proportioneers, Inc. 

Distribution System Analyz- 
ers: 

Standard Electric Time Corp. 

Engines, Hydraulic: 

Ross Valve Mig. Co. 

Engineers and Chemists: 

(See Prof. Services, pp. 25-29) 

Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Calgon, Inc 

Cochrane Corp. 

Dearborn Chemical Co. 

Hungerford & Terry, Inc. 

Infileo Inc. 

Permutit Co. 

Worthington Pump & Mach. Corp 

Ferric Sulfate: 

Fennessee Corp. 

Filter Materials: 

Johns-Manville Corp. 

Infileo Inc. 

Northern Gravel Co. 

Permutit Co. 

Filters, incl. Feedwater: 

Cochrane Corp. 

Dorr Co 

Infilco Inc. 

Morse Bros. 

Permutit Co 


Mchy. Co. 
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Refinite Sales Co. 
Roberts Filter Mfg. Co 
Ross Valve Mfg. Co. 


Filtration Plant Equipment: 
Builders-Providence, Inc. 

Chain Belt Co. 

Cochrane Corp. 

Graver Water Conditioning Co 
Hungerford & Terry, Inc 
Infilco Inc. 

Omega Machine Co. (Div.. 
ers Iron Fdry.) 

Permutit Co. 

Roberts Filter Mfg. Co 
Stuart Co 
Welsbach Corp., 

Div. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg’s Sons 
Hays Mfg. Co. 

James Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co 


Fittings, Tees, Elis, ete.: 
American Cast Iron Pipe Co 
Carlon Products Corp. 

Cast Iron Pipe Research Assn 
James B. Clow & Sons 

Crane Co. 

Dresser Mfg. Div. 

James Jones Co. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co 
McWane Cast Iron Pipe Co 
Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp 

R. D. Wood Co 


Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr Co. 

Infilco Inc. 

Permutit Co. 

Stuart Corp. 

Walker Process Equipment. Inc 


Build 


Ozone Processes 


Fluoride Chemicals: 
American Agricultural Chemical Co. 
Blockson Chemical Co. 


Furnaces: 
Jos. G. Pollard Co., Inc. 


Furnaces, Joint Compound: 
Northrop & Co., Inc. 


Gages, Liquid Level: 
Builders-Providence, Inc. 
Infileo Inc. 

Simplex Valve & Meter Co 


Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Builders-Providence, Inc. 

Infilco Inc. 

Northrop & Co., Inc. 

Simplex Valve & Meter Co 

R. W. Sparling 


Gasholders: 
Chicago Bridge & Co 
Pittsburgh-Des Moines Stee! Co 


Gaskets, Rubber Packing: 
James B. Clow & Sons 
Northrop & Co., Inc. 
Smith-Blair, Inc. 


Gates, Shear and Sluice: 
Armco Drainage & Metal 


Inc. 
James B. Clow & Sons 
Morse Bros. Mchy. Co. 
Mueller Co. 
R. D. Wood Co. 


| | 
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1879—-ROSS-1879 
Automatic Values 


Controls 
elevation of 
water 
in 
tanks, basins 
and 
ALTITUDE VALVE reservoirs 
1. Single Acting 
2. Double Acting 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 
and pump 


discharge 
SURGE-RELIEF VALVE 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 


rate of flow 
REDUCING VALVE 
Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 
1. As direct 
acting 
2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 

tion. 


FLOAT VALVE 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


Packing Replacements for all Ross Valves Through Top of Valve 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N. Y. 


i 
~ 
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Gears, Speed Keducing: 

DeLaval Steam Turbine Co. 

Philadelphia Gear Works, Inc. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Hellige, Inc 

Klett Mig. Co. 

Wallace & Tiernan Co., Inc. 

Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

James Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mig. Co 

M. Greenberg’s Sons 

James Jones Co. 

Kennedy Valve Mfg. Co. 

John C. Kupferle Foundry Co 

M & H Valve & Fittings Co 

Mueller Co. 

Pacific States Cast Iron Pipe Co 

A. P. Smith Mfg. Co. 

Rensselaer Valve Co. 

Ross Valve Mfg. Co. 

R. D. Wood Co. 

Hydrogen lon Equipment: 

Hellige, Inc 

Wallace & Tiernan Co., Inc 

lon Exchange Materials: 

Cochrane Corp, 

Hungerford & Terry, Inc. 

Infileo Inc. 

Permutit Co. 

Refinite Sales Co. 

Roberts Filter Mfg. Co. 

Rohm & Haas Co. 

Iron Removal Plants: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, In 

Welsbach Corp., Ozone Processes 
Div. 

Jointing Materials: 

Atlas Mineral Products Co 

Hydraulic Development Corp 

Leadite Co., Inc. 

Northrop & Co., Inc. 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

Carson-Cadillac Co. 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

Dresser Mfg. Div. 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

United States Pipe & Foundry Co 

Warren Foundry & Pipe Corp 

R. D. Wood Co. 

Leak Detectors: 

Jos. G, Pollard Co., Inc. 

Lime Slakers and Feeders: 

Dorr Co. 

Infilco Inc. 

Omega Machine Co. 
ers Iron Fdry.) 

Permutit Co. 

Magnetic Dipping Needles: 

W. S. Darley & Co. 

Manometers, Rate of Flow: 

Builders-Providence, Inc 

Meter Boxes: 

Art Concrete Works 

lord Meter Box Co 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Vokes: 

Badger Meter Mig. Co. 

Dresser Mfg. Div. 


(Div., Build- 
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Ford Meter Box Co. 

Hays Mfg. Co 

Hersey Mfg. Co. 

James Jones Co. 

Mueller Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Smith-Blair, Inc. 

Worthington-Gamon Meter Co. 

Meter Reading and Record 
Books: 

Badger Meter Mfg. Co. 

Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div 

Meters, Domestic: 

Badger Meter Mig. Co 

Buffalo Meter Co. 

Hersey Mfg. Co. 

Neptune Meter Co 

Pittsburgh Equitable Meter Div. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc 

Infileo Inc. 

Simplex Valve & Meter Co 

R. Sparling 

Meters, Industrial, Commer- 
celal: 

Badger Meter Mig. Co. 

Buffalo Meter Co. 

Builders-Providence, Inc. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div 

Simplex Valve & Meter Co 

R. W. Sparling 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co 

Mixing — 

Chain Belt Co 

Infileo Inc. 

Walker Process Equipment, Inc 

Ozonation Equipment: 

Welsbach Corp., Ozone 
Div. 

Pipe, Asbestos-Cement: 

Johns-Manville Corp. 

Keasbey & Mattison Co 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron (and Fittings): 

American Cast Iron Pipe Co 

Cast tron Pipe Research Assn. 

James B. Clow & Sons 

Crane Co. 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

United States Pipe & Foundry C 

Warren Foundry & Pipe Corp. 

R. D. Wood Co 

Pipe, Cement Lined: 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

McWane Cast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co 

United States Pipe & Foundry Co 

Warren Foundry & Pipe Corp 

R. D. Wood Co 

Pipe Coatings and Linings: 

The Barrett Div. 

Cast Iron Pipe 

Centriline Corp 

Dearborn Chemical Co. 
wpers In 

Reilly Tar & ( *hemic al Corp 

Warren Foundry & Pipe Corp 

Pipe, Concrete: 

American Pipe & Construction Co 

Lock Joint Pipe Co 


Processes 


Research Assn 
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Pipe, Copper: 

American Brass Co 

Pipe Cutting Machines: 

James B. Clow & Sons 

Ellis & Ford Mig Co 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co 

Pipe Jointing Materials; see 
Jointing Materials 


Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc 

Pipe, Plastic: 

Carlon Products Corp. 

Pipe, Steel: 

— Drainage & Metal Products 
nc. 

Bethlehem Steel Co. 

Pipelines, Submerged: 

Boyce Co., Inc. 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc 

4. P. Smith Mfg. Co 

Warren Foundry & Pipe 

Potentiometers: 

Hellige, Inc 

Pressure Regulators: 

Allis-Chalmers Mfg. Co. 

Mueller Co. 

Ross Valve Mfg. Co. 

lumps, Boiler Feed: 

DeLaval Steam Turbine Co 

Peerless Pump Div., Food 
Machinery Corp. 

Pumps, Centrifugal: 

Allis-Chalmers Mig. Co. 

American Well Works 

DeLaval Steam Turbine Co 

Economy Pumps, Inc. 

Morse Bros Mek hy. Co. 

Peerless Pump Div., Food 
Machinery Corp. 

Worthington Pump & Machinery 
Corp. 

Pumps, Chemical Feed: 

Infilco Inc. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 

Pumps, Deep Well: 

American Well Works 

Layne & Bowler, Inc 

Peerless Pump Div., Food 
Machinery Corp. 

Pumps, Diaphragm: 

Dorr Co 

Morse Bros. Mchy. Co. 

Proportioneers, Inc. 

Pumps, 

W. S. Darley & Co 

Jos. G. Pollard Co., 

Pumps, Hydraulic Booster: 

Ross Valve Mfg. Co 

Pumps, Sewage: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co 

Economy Pumps, Inc. 

Peerless Pump Div., Food 
Machinery Corp. 

Pumps, Sump: 

DeLaval Steam Turbine Co 

Economy Pumps, Inc. 

Peerless Pump Div., Food 
Machinery Corp. 

Pumps, Turbine: 

DeLaval Steam Turbine Co 

Layne & Bowler, Inc 

Peerless Pump Div., Food 
Machinery Corp 

Recorders, Gas Density, 
NH3, etec.: 

Permutit Co 

Wallace & Tiernan Co., Inc. 


Corp 


B 

| 
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AVY Harassed by Troubled by Turbidity 
Hardness a 


Floored by Annoyed at | 
Fluorides Alkalinity 


MEN WITH WATER ON THE BRAIN- 


Is there something wrong with your town’s water 
supply? Hardness? Turbidity? Silica? Alkalinity? 
Fluorides? Color? Taste? Odor? If you are plagued 
by any one of them, it’s a good idea to specify 
Permutit water conditioning equipment. 


should know about the 
PERMUTIT PRECIPITATOR! 


The Permutit Precipitator brings you a new and 
more efficient means for removing impurities 
from water. It does this by precipitation, ad- 
sorption, settling and upward filtration. Its 
sludge blanket is kept fresh and active at all 
times. The Precipitator requires less space, less 
time and less chemicals than previous designs 
of reaction and settling tanks. 

Write today for full information about this 
economical equipment to The Permutit Com- 
pany, Dept. JA-5, 330 West 42nd Street, New 
York 18, N. Y., or to Permutit Company of 
Canada, Ltd.; 6975 Jeanne Mance St., Montreal. 


WATER CONDITIONING veavguarrers (ff FOR 40 YEARS 


| 
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Kecording Instruments: 
Builders-Providence, Inc. 
Infilco Inc. 
Rk. W. Sparling 
Wallace & Tiernan Co., Inc. 
Reservoirs, Steel: 
Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Stee! Co 
Sand Expansion Gages; see 

Gages 
sleeves; see Clamps 
Sleeves and Valves, Tapping: 
James B. Clow & Sons 
M & H Valve & Fittings Co 
Mueller Co. 
Kensselaer Valve Co. 

P. Smith Mfg. Co 

Sludge Blanket Equipment: 
Cochrane Corp. 
Permutit Co. 
Soda Ash: 
solvay Sales Div 
Sodium Hexametaphosphate: 
Blockson Chemical Co. 
Calgon, Inc. 
Softeners: 
Cochrane Corp. 
Dearborn Chemical Co. 
Dorr Co. 
Hungerford & Terry, Inc. 
Infileo Inc. 
Permutit Co. 
Refinite Sales Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Worthington Pump & Mach. Corp. 
Softening Chemicals and Com- 

pounds: 
Calgon, Inc. 
Infileo Inc. 
Vermutit Co. 
Tennessee Corp. 
Standpipes, Steel: 
Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co 
Steel Plate Construction: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co 
Pittsburgh-Des Moines Steel Co 
Stops, Curb and Corporation: 
Hays Mfg. Co. 
James Jones Co. 
Mueller \ 
A. P. Smith Mfg. Co. 
Storage Tanks; see Tanks 


Strainers, Suction: 

James B. Clow & Sons 

M. Greenberg's Sons 

R. D. Wood Co 

Surface Wash Equipment: 

Permutit Co. 

Swimming Pool Sterilization: 

Omega Machine Co. (Div., Build- 
ers Iron Fdry.) 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 

Welsbach Corp., Ozone Processes 
Div 

Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & tron Co 

Pittsburgh-Des Moines Steel Co 

Tapping Machines: 

Hay- Mig. Co 
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Mueller Co. 

A. P. Smith Mfg. Co. 

Taste and Odor Removal: 

Cochrane Corp. 

Industriai Chemical Sales Diy 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 

Welsbach Corp., Ozone Processe> 
Div. 

Telemeters, Level, Pump Con- 
trol, Kate of Flow, Gate 
Position, ete.: 

Builders-Providence, Inc. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Hellige, Inc. 

Wallace & Tiernan Co., Inc. 

Turbines, Steam: 

DeLaval Steam Turbine Co 

Worthington Pump & Mach. Corp 

Turbines, Water: 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co 

M & H Valve & Fittings Co 

Mueller Co. 

Pacific States Cast Iron Pipe Co 

Rensselaer Valve Co. 

4. P. Smith Mfg. Co 

R. D. Wood Co 

Valve-Inserting Machines: 

A. P. Smith Mfg. Co 

Valves, Altitude: 

Golden-Anderson Valve Specialty 
Co. 

Ross Valve Mfg. Co.. Inc 

Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

James B. Clow & Sons 

Crane Co. 

M. Greenberg's Sons 

M & H Valve & Fittings Co 

Mueller Co. 

Rensselaer Valve Co. 

R. D. Wood Co. 

Valves, Detector Check: 

Hersey Mfg. Co 

Valves, Electrically Operated: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 

Golden-Anderson Valve Specialty 
0. 

Kennedy Valve Mig. Co 

M & H Valve & Fittings 

Mueller Co. 

Philadelphia Gear Works. 

Rensselaer Valve Co. 

\. P. Smith Mfg. Co 

Valves. Float: 

James B. Clow & Sons 

Golden-Anderson Valve Specialty 
0. 

Ross Valve Mfg. Co., In 

Valves. Gate: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 

Dresser Mfg. Div 

James Jones Co. 

Kennedy Valve Mig. Co 

M & H Valve & Fittings Co 

Mueller Co. 
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Pacific States Cast lron Pipe Co 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Hydraulically 
ated: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve 
Co. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co 

Mueller Co. 

Philadelphia Gear Works, In: 

Rensselaer Valve Co. 

4. P. Smith Mfg. Co 

R. D. Wood Co. 

Valves, Large Diameter: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

\. P. Smith Mfg. Co 

R. D. Wood Co. 

Valves. Regulating: 

Crane Co. 

Golden-Anderson 


Oper- 


Specialty 


Valve Specialty 
0. 

Ross Valve Mfg. Co 

Valves, Swing Check: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mig. Co 

Golden-Anderson Valve 
Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co. 

Waterproofing 

Dearborn Chemical Co. 

Inertol Co., Inc. 

Water Softening Plants; ser 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

Hellige, Inc. 

Wallace & Tiernan Co.. In 

Water Treatment Plants: 

Allis-Chalmers Mfg. Co. 

American Well Works 

Chain Belt Co 

Chicago Bridge & Iron Co 

Dearborn Chemical Co. 

Dorr Co 

Hungerford & Terry, Inc. 

Infilco Inc 

Permutit Co. 

Pittsburgh-Des Moines Steel Co 

Roberts Filter Mfg. Co 

Walker Process Equipment, Inc 

Wallace & Tiernan Co.. Inc 

Welsbach Corp., Ozone 


Speciatty 


Dis 
Worthington Pump & Mach. Corp 
Well Drilling Contractors: 
Layne & Bowler. Inc 
Wrenches, Ratchet: 
Dresser Mfg. Div 
Zeolite; see lon 

Materials 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 
the 1950 Membership Directory. 


| 
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IN HAMILTON, ONTARIO —Tie prob- 


lem was to install seven miles of 48” line, 
fast, to meet the terrific demands of the 
city’s rapidly expanding industrial and 
residential areas. A $1,900,000 job, includ- 
ing the filtration plant. With confidence, 
Hamilton engineers specified a Dresser- 
Coupled steel line. 


The cheapest way to pipe water to where 
it turns into revenue is with a Dresser- 
Coupled steel line—the line that cuts 
installation costs, leakage losses and main- 
tenance expense, 


DRESSER 


co NGS 


Dresser Manufacturing Division, 59 
Fisher Ave., Bradford, Pa. (One of the 
Dresser Industries). Warehouses: 1121 
Rothwell St., Houston, Texas; LOL S. 
Bayshore Highway, South San Fran- 
cisco, California. Sales Offices: New 
York, Philadelphia, Chicago, Hous- 
ton, South San seresione In nada: 
629 Adelaide St., , Toronto, Ont. 


Be Sure you get the best line at the best 
price. Put steel pipe and Dresser Couplings 
in your specifications. 
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A DRESSER-COUPLED 
STEELLINE 


cheaper 


As in the case of this Hamilton line. 
existing pipe networks often seriously 
complicate the installation of new mains. 
Lighter, easier-handled steel pipe joined 
with Dresser Couplings—simpler to make 
up, even in cramped ditches—provides the 
swiftest, most practical way of getting 
under or around underground obstacles. 
The line is completed quicker—starts 
paying its way sooner. 

Leakage losses are eliminated. Controlled 
gasket pressure, provided by the bolting 
up process in a Dresser Coupling, is your 
assurance of the correct sealing pressure 
all around the joint. Resilient Dresser 
gaskets absorb stresses from vibration, 
contraction and expansion, yet keep the 
joint “flexible-tight”’. 

Maintenance is cut to the bone, too. 
Dresser Couplings last for life, and the 
absence of heat in joining prevents damage 
to glass-smooth pipe linings. High carry- 
ing capacity is sustained. 

Experience all over the world proves 
that a Dresser-Coupled steel line gives 
you the ultimate in performance and 
economy. See your Dresser Sales Engineer 
or write our Bradford Office for detailed 
information, 


; 
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LIST OF ADVERTISERS 

Keasbey & Mattison Co. 

Kennedy Valve Mfg. Co., 

Klett Mfg. Co. ‘ 

Koppers Co., Inc. 

Kupferle, John C., Foundry Co. 

Layne & Bowler, Inc.. 

Leadite Co., The 

Lock Joint Pipe Co... .. 

Lovell Chemical Co... 

M & H Valve & Fittings Co. . 

McWane Cast Iron Pipe Co. 

Mueller Co. 

National Cast Iron Pipe 

National Water Main Cleaning Co. 

Neptune Meter Co. 

Northern Gravel Co. 

Northrop & Co., Inc. 

Omega Machine Co. 
Fdry.). 2 

Pacific States Cast Iron Pipe Co. 

Peerless Pump Div. 

Pekrul Gate Div., 
ery Co.) 

Permutit Co 

Phelps Dodge Refining Corp. 

Philadelphia Gear Works, Inc... . 

Pittsburgh-Des Moines Steel Co.. 

Pittsburgh Equitable Meter Div. 
well Mfg. Co.). 

Pittsburgh Pipe C leaner Ca. 

Pollard, Jos. G., Co., Inc. 

Portland Cement Assn. 

Proportioners, Inc. 

Refinite Corp. 

Reilly Tar & Chemic al C orp. 

Rensselaer Valve Co. 

Riches-Nelson, Inc... 

Roberts Filter Mfg. Co. 

Rockwell Mfg. Co... . 

Rohm & Haas Co. 

Ross Valve Mfg. Co. 

Simplex Valve & Meter Co. 

Skinner, M. B., Co. ys 

Smith, A. P., Mfg. Co., The 

Smith-Blair, Inc. 

Solvay Sales Div., 
Corp. 

Sparling Meter Co., Inc. 

Standard Electric Time Co. 

Stuart Corp. 

Tennessee Corp. 

U.S. Pipe & Foundry Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Co., Inc. viii, 69 

Warren Foundry & Pipe Corp. 99 

Well Machinery & Supply Co. . . 45 

Welsbach Corp., Ozone Processes Div. 65 

Wood, R. D., Co. Cover 2 

Worthington Corp. 67 

Worthington-Gamon Meter Div. 


Ace Pipe Cleaning Contractors Co., Ine. 50 
Allis-Chalmers 
American Agricultural Chemic al Co. 
American Brass Co., The 4 71 
American Cast Iron Pipe Co. 
American Cyanamid Co., 
Chemicals Div. ae 
American Pipe & C onstruction Ce oO. 
American Well Works 
Anthracite Equipment Corp. 
Armco Drainage & Metal Products, Inc. 
Art Concrete Works 
Atlas Mineral Products Co. The 
Badger Meter Mfg. Co. 
Barrett Div., The 
Bethlehem Steel Co.. . 
Blockson Chemical Co. 
Buffalo Meter Co. = 
Builders-Providence, Inc. 
Jackson Co. 
Calgon, Inc. 
Carborundum Co., The. 
Carlon Products Corp. 
Carson, H. Y. ; 
Cast Iron Pipe Research Assn., The 
Centriline Corp. 
Chain Belt Co... . 
Chicago Bridge & Iron Co. 
Clow, James B., & Sons 
Cochrane Corp. . 
Crane Co. 
Darley, W. S., & Co. 
Darling Valve & Mfg. Co. 
Dearborn Chemical Co. 
De Laval Steam Turbine Co. 
Dorr Co., 
Dresser Mfg. Div... .. 
Economy Pumps, Inc. 
Eddy Valve Co. 
Electro Rust-Proofing Corp. 
Ellis & Ford Mtg. Co. : 
Flexible Sewer-Rod Equipment Co. 
Ford Meter Box Co., The 
General Chemical Div., 
& Dye Corp. 
Golden-Anderson Valve Specialty Co. 
Greenberg's, M., Sons 
Hammond Iron Works 
Hays Mig. Co. 
Hellige, Inc. 
Hersey Mfg. Co. 
Hungerford & Terry, Inc. 
Hydraulic Development Corp. 
Industrial Chemical Sales Division, 
Virginia Pulp & Paper Co. 
Inertol Co., Inc. 
Infilco Ine. 
Iowa Valve Co. 
Johns-Manville Corp. 
James Jones Co. 


Directory of a Services—pp. 25-29 
Albright & Friel, Inc. Parsons, Brinckerhoff, 
Alvord, Burdick & Howson Macdonald 
Bays, Carl A. & Assoc Pirnie, Malcolm Engineers 
Behrman, A, S. 


The 


Industrial 


(Div., Builders Iron 


( Morse Bros. Mac hin- 


Allied Chemical 


Allied Chemical & Dye 


West 


Freese, Nichols & Turner Hall & 
Fulbright Labs., Inc. 


Gannett Fleming Corddry & 


Black & Veatch 

Black Labs., Inc 

Bogert, Clinton L. Assoc. 
Bowe, Albertson & Assoc 
Buck, Seifert and Jost 
Burgess & Niple 

Burns & McDonnell 

Caird, James M. 

Camp, Dresser & McKee 
Chester Engineers, The 
Consoer, Townsend & Assoc 
De Leuw, Cather & Co. 
Eldred, Norman O. 

Fay, Spofford & Thorndike 
Finkbeiner, Pettis & Strout 


Carpenter, Inc. 
Geisinger, G. L. 
Glace & Glace 
Greeley & Hansen 
Havens & Emerson 
Hazen & Sawyer 
Horner & Shifrin 
Hunt, Robert W. 
Jennings-Lawrence Co. 
Robert M. Johnston & Assoc. 
Jones, Henry & Schoonmaker 
Knowles, Morris, Inc. 
Leggette, R. M. 
Meneses Hoyos, 
Metcalf & Eddy 
Nutting, H. C., Co. 
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Roberto & Co. 


Pitometer Co. 

Purcell, Lee T. 

Riddick, Thomas M. 
Ripple & Howe 

Rose, Nicholas A. 

Russell & Axon 

Sirrine, J. E., Co. 

Smith & Gillespie 
Stanley Eng. Co. 

Stilson, Alden E. & Assoc 
Weston & Sampson 
White, Guyton & Barnes 
Whitman & Howard 
Whitman, Requardt & Assoc 
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NO WORRY OVER LOW FLOW CAPACITY 


... When you protect pipe lines 
with BITUMASTIC” 70-B ENAMEL 


IPE LINES DON’T “SHRINK” when in- 

terior surfaces are coated with a spun 
lining of Bitumastic 70-B Enamel .. . 
because this durable enamel prevents 
rust, corrosion, incrustation and tuber- 
culation. 

When there’s no “shrinkage” of in- 
side diameter, there’s no loss of valuable 
line capacity. Your pumping costs are 
reduced .. . your pipe line’s coefficient 
of flow stays high. It’s unnecessary to 
spend money for over-sized pipe in or- 
der to allow for anticipated loss in flow 
capacity. 

Further, with a flow capacity you can 
count on, there’s no gambling or guess- 
ing as to the size of pipe you specify. 
You select pipe for your water lines 
solely on the basis of desired capacity. 


Bitumastic 70-B Enamel is equally 
effective in protecting exterior surfaces 
of pipe lines. It prevents pitting and 
leakage caused by soil corrosion. 

Protect your community’s steel pipe 
lines, inside and out, by specifying Bitu- 
mastic 70-B Enamel. Our representative 
will be glad to assist you in preparing 
your specifications. If you wish, our Con- 
tract Department will handle your coat- 
ing job for you at the job site. Write for 
complete information. 


BITUMASTIC 


KOPPERS COMPANY, INC., Tar Products Division, Dept. 505T, Pittsburgh 19, Pa. 
District Offices: Boston, Chicago, Los Angeles, New York, Pittsburgh, and Woodward, Alabame 
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SINGLE - REGISTER 
E COMPOUND METERS 


READ DIRECT— 
WITHOUT COMPUTATION 


The single register compound speeds meter 
reading—only one register to read, one total 
to record. 


a 


LIGHTEST—MOST COMPACT 


Size for size it is much more compact and 
lighter in weight than other compounds. They 
are much easier to install. 


LOWEST PRESSURE LOSS 


An exclusive combination of hori- 
zontally mounted propeller and swing 
action compounding valve permits 
straight through flow of large vol- 
umes with lowest pressure absorption. 


4) 
TURNS DRIBBLES INTO DOLLARS 


Small flows and trickles which pass through 
ordinary compounds without registering waste 
money. With a super-accurate Empire oscillating 
piston meter catching these flows you can tura 
dribbles into dollars. 


SO MANY FEATURES... 
ale impoitant/ 
0: ON RO 
ROCKWELL 
C MANUFACTURING COMPANY. 


...all water 
treatment 
problems are 
different 


Problem: To soften peak 
flow of 52 MGD of ground 
water at Miami's South- 
west Plant 


Solution: Four 69 ft. di- 
ameter Dorrco Hydro- 
Treators” are doing a 
good job of softening an 
average flow of 40 MGD 
— maximum 52 MGD, 
minimum 10 MGD. Oper- 
ating guarantees are be- 
ing exceeded on every 
count. 


This installation is a good example of Dorr’s ability to build 
water treatment equipment designed to accomplish a specific end 
result. Either high rate units, like the four shown here, or conven- 
tional installations . . . all Dorr equipment is designed to provide 
continuous, positive sludge removal and minimum water loss. 


Many types of Dorr equipment, designed for flexibility in solv- 
ing water treatment problems, are described in Bulletin No. 9141. i 
We will gladly send you a copy. THE DORR COMPANY, Barry 


Every day, nearly 8 billion gallons of water are treated by Dorr equipment. 


THE DORR COMPANY © ENGINEERS + STAMFORD, CONN. 


Offices, Associcted Companies or Representatives in principal cities of the world. 


yo 
| 
INN \ | 
= Look at Miami, for example - 


Trade Merk Registered U. 5. Pat. Office 


Jointed for .. . 
Permanence 


with LEADITE 


—~ 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—-but the joints also must be 
tight, flexible, and long lived,—-else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the ‘‘jointing material’’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—-but that it improves with age. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75; 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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